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No. CCXLVII. 


REMOVAL OF CLEOPATRA’S NEEDLE. 


[ Vide Plates I. and IL} 


The accompanying Plates and Note, were supplied by A. B. Sampson, E'sq., 
B.A., Under Seerctary to Government of India, P. W. Department. 


Now that tho removal of Cleopatra’s needle has been a matter of 
interest, the accompanying facsimile copics of drawings found among the 
records of the old Military Doard may also be interesting. The drawing 
of the capstan is not quite clear: it probably works on a pivot at the 
bottom, and in the cross picce at the top. The inventor, or at all events 
the man who used the arrangement at Ghazipur, was Captain Garstin, 
Bengal Engineers, in the year 1819. A somewhat similar plan was 
proposed for the removal of Cleopatra’s necdle in the Sctentific American, 
July 3rd, 1875, entitled “ A Monument at Sea.” 


Extract from Scientific American, July drd, 1875. 


‘Several years ago the famous obelisk, known as Cleopatra’s needle, 
was donated by the Egyptian to the British Government, but the latter, 
although several plans have been proposed, has heretofore considered no 
scheme as overcoming the [Engineering difficulties of removing the 
monolith from its present site near Alexandria to the shore, and thence 
transporting it by sea to England. We learn from the London Times 
that an attompt is now shortly to be made, and the project which has 
been adopted is as follows :—-The obelisk, which is quadrilateral in shape, 
is first to be changed into a cylinder. This will be done by attaching 
heavy beams, strongly connected together, to cach face, until the desired 
form is obtained, the work being continued very carefully, and excavations 
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being made, little by little, until tho entire shaft, from apex to foundation, 
is cnveloped. It will not be difficult then to roll the monument over a 
wooden road, laid over the sand hills which cover the intervening mile 
between its present location and the sea. 

“ The wooden envelope, while increasing the mass will, at the same time 
be such as to diminish the specific gravity of the whole, so that the great 
bundlo will readily float. To this end, the diameter of the circle formed 
by a section of the cylinder will be 20 feet, or 12 fect larger than the 
breadth of the sides of the obclisk. Besides, in order to render the linc 
of flotation horizontal, a diametcr exceeding 20 feet will be necessary at 
the heavier basc. 

‘‘ After the monument is Jaunched, it will be towed out of the Mediter- 
rancan and into the Thames, to the nearest point to its future site, It 
will then be beached and rolled to its position, where it will be erected 
before removing its coverings. 

‘This plan, it is believed, can be carried ont very casily and with little 
expense, while it will be free from the dangers found in transporting the 
Obelisk of Luxor to Paris, ag during its voyage that monument seriously 
damaged the vessel.” 
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COMPARATIVE STATEMENT OF DIMENSIONS AND COST, ETC. 


No. COXLVITL. 


COMPARATIVE STATEMENT OF DIMENSIONS AND 
COST OF STORAGE WORKS IN THE DECCAN. 


By Water C. ILuaues, Esq., C.H., dyst. Chief Engineer for 
Irrigation, Bombay. 


emo, by Cov. OC. J. Menrrimay, RE, Chez Engr. for 
No. 5520 of 1577. 


Tne accompanying Statement of dimensions and cost of storage works 
constructed, under construction, or proposed, in the Bombay Deccan, 
in submitted for the information of Government, with a view to its being 
circulated for the information of the Department. 

The Statement is a revision of that submitted m 1871 by Colonel Fife,” 
with this exception, that if comprises information in respect uf the storage 
works oaly and not their canals vr distributaries, regarding which a sepa- 
rate Statement is proposed to be prepared. It may be noted that this 
Statumunt gives the actual cost of the completed works, and includes o 
large number of schemes investigated since the preparation of the former 
Statement. It is also more complete in giviny details of dimensions of 
the works. 

The information will be of extreme value in cousidering the werits of 
future proposals here or elsewhere. 
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PROPOSED MEDICAL BCTIOOL FOR LAMORE. 


No. CCXLIX. 


PROPOSED MEDICAL SCHOOL FOR LAHORE. 
(Vide Plates 111,1V. and V.] 


Designed by Rat Bavapur Kunuya Lar, Assoc. Inst. CH, Eevee. 
Engineer, P. W. Department, Punjab. 


Tue accompanying Plates Nos. II., [V. and V., show the design for a 
Medical School, proposed to be built at Lahore to the south of the Mayo 
Hospital, a description of which was given in Paper No. L. of this Series 
for October 1872. 

This design is in exact keeping with the Mayo Hospital, and the style 
of its architecture is “ Jtalian,” same as that of the Hospital. The 
Hospital is a two-storied building, with five towers, one in the middle. and 
one at each of the four corners, which added greatly to its cost. The 
School is to have no towers, but merely rooms and ee which are 
necessary and useful. 

Tho design has been approved and sanctioned by the Panjab Govern- 
ment, and is to be carried ont so soon as funds are made available for it. 

The building contains cight principal rooms as follows:— 


Library and Office, .. sts 54 ft. K 32 ft. 
Lecture Room for Anatomy, and also for instructions 

of Hinditistant class, .. = s 42 ,, * 84 ,, 
Medical and Surgical Lecture room, ag és 42, % 22 ,, 
Chemical Lecture room, i as os 4 ee: 
Anatomical Museum, es oe 43 5, % 20 4, 
Chemical and Materia Medica Museum, os ae 43, * 20 ,, 
Laborator a oe 42, x 20,, 
Room for Srutcorslonioal Instruments, a $2 4; 3 20 45 


Injecting and dissecting rooms are to be eromded in & POE build- 
ing, to be built at a distance from both the Schovul and the Hospital. 

The object of constructing the building is to provide suitable accom- 
modation for the Lahore Medical School, which is now held in a private 
building, rented for the purpose, which does not afford the accommoda- 
tion required. 

The details of the construction of this building are to be cxactly the 
same as those of the Mayo Hospital, described in Paper No. L. of this 
Series, and the accompanying Abstract gives the different quantitics of 
work in the building, together with rates and probable cust of each clase 
of work, as well as of the entire building. 
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PROPOBED MEDICAL SCOOP FOR LANORE, 


Description of work. 


Abstract of probable cost of Proposed New 
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PROPOSED MEDICAL SCHOOL FOR LAHORE, 


sdical School and Out buildings at Lahore. 


ates TAP pM AIP ER PP PA GE A STN PSSA SIE ITD 
MPOUND WALL | CLEARING AND | 
LEVELLING SIT, | 


iD GATEWAYS, 





- | 
antity. | Cost. | Quantity. | Cost. 
RS, Rs. 
342 95] 8,90,340] 2,671 
a¢ oo ae ee 
Re | 4978 . : 
93 J agos}., 7 
J2 1,398 ae ae 
JAF G2 : 
0 | Borel, 
oe ap ee 
ee an ran 
ormathtoamenpensace. seematnenanmee 
8,718 e¢ 2,67) 
“Poster taraatateat 





retype pions freee 








| 


, | 
APPROACHES, TOTAL, 
i 





Quantity.! Cost. Quantity, 


Rs. 





i «+» | 11,05,69% 


10,720; 429} 10,720 
8,040] 43 $040 


ve os 62,6265 
sed ™ 48,703:25 
#e ee J 133 

we ae D,O86 

a ia 97 OE-Th 
. _ 13,163-88 
, ws 12,300 5 
o - S78 

- “e 844 

es vs 1442 


ae ae 4,390 


a ae 4,599 
os es 4,390 
as *a 1,096 
ae es 2,206 
ws . | §,216-20 


a - 860°50 


Poreeeeeeer) mee A a nae reentrant cry 





Cost, 


i en i teeth 
| 


420 
G43 





seul 
3, : 


3,640 


G08 
422 

721 
| 1,756 


1,977 


1,975 
274 
17s | 


469 
135 


Quantity, 


wa 


ae 





et 


TOTAL or wacy 
CLASS OF WoRK, 





aj 


ENNIS sere 


Remarks, 
Cost, 
ns. 


3317 


on 


ee 


10 
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USE OF WROUGHT-IRON PIPER FOR THE WATER SUPPLY, ETC. 15 


No. CCLI. 


USE OF WROUGHT-IRON PIPES FOR THE WATER 
SUPPLY OF THE CITY OF SAN FRANCISCO, 
AND MINING TOWNS IN CALIFORNIA. 


ae ee Oe er 


By J. Suenpon, Esq., Lrec. Engineer, Berar Irrigation. 


Owrxa to the perishable nature of wronght-iron sheet pipes, and to 
their not resisting corrosion when buried in the ground so well as cast- 
iron, it has not become a practice to use them for purposes of water sup- 
ply ; but, as it may not be generally known that they have been successfully 
used for the water supply of San Francisco and some Mining Towns in 
California, 2 few notes on the subject may be of interest to Engineers. 
The following information regarding the water supply of San Francisco 
and the use of wrought-iron pipes, was given to me by Mr. H. Schussler, 
Chief Engineer, Spring Valley Water Works, San Irancisco, during my 
visit to that city last year, and he showed me some of the wrought-iron 
pipes which had been laid, and in use for 12 years, and which appeared in 
porfect order. 
Present supply of water fron storage reservoirs 20 miles from San 


Franctsco. 
(a). FPilares Fos,...... w..-.Feservoir contains 1,050 million gallons. 
(tb). San Andres,..........-. ‘3 3 6,500 ,, a 
(c). Crystal springs (upper), ,, » 8,000 ,, 9 


Proposed future supply. 


(7). Crystal spring (lower), reservoir contains 2,300 million gallons. 
(c). Calaveras reservoir dlis- 
tance 50 miles, —... ‘3 », 40,000 


$? 
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Catchinent of (a) and (4), 10 square miles, 


“3 (c) and (d), 29 _,, 6 
y? (¢), 140 3 9) 
with an extension of, ... 120) ,, in 


Present suppy is 12 million gallons daily. 

Proposed for future supply (a, 6, ¢, d, e, inclusive), 120 to 130 million 
gallons daily. 

It is proposed for the future supply to construct a wrought-iron pipe 
5 feet diameter, 22 miles in Jength, of ,7,% iron, for 600 feet head of water. 

The following wronght-iron pipes have been Jaid and have been in use 
fron. 12 to 15 years, and are now as sound as when they were put down 
and quite free of rust, this result being due to tho preservative coat of 
asphaltum and coal tur :— 














i, je [3s | | #8 

sei fe!l@.| 2 | 88 

Locahty of wiought-iron pipes Ina. Sa) 8S 1 fe ts ae 

foc egree) t4 an a hs | 9 bea As 

4 & a a } 4 ow i ca 

Ca E- al 

. PR | tg 

San Andres to San Franciseo,... eee ue re | Mi | oO" 1 BR} Bf) 340 

Pol pipe, ven ove vee one san we} TR] 8O"INo. 91 2. | 850 

LP is ocha pipe, eee oe@ aes see eee ene < 6” ay” er ZOO 

Cheroquee pipe,... ous set bad ine wie 2h BO") BY G8" 1 900 

Virginia city pyr, owe ene ee@y ae e $@e 7 { ] a fn ff H B50 
| 

Lock’s ereck lode pipe,... toe wer nee bee | 4 ) 20 By ae | G00 
foot | 

Large Lock’s creck lode, nes oes ie pane | OT} AY BE SHO 





The straight scams of the pipes are double, and the round scams single, 
rivetted and caulked. 

The pipes were constructed in 26 feet lengths, each length being boiled 
for 15 minutes in a bath of asphaltum and coal tar at about 850° to 400°, 
Farenheit. 

‘Pipes in ground 15 years are perfectly sound, inside and outside. 

The cost of iron is 5 cents per tb., and for making, transport 20 miles, 
Jaying, dipping, &e., &e., 5 cents, or 10 cents total cost. This is about 
two-fifths to one-third cost of cast-iron pipes of same strenyth and dia- 
meter, 
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The advantage to be derived from using wrought instead of cast-iron 
pipes, is, on account of cheapness and facility of carriage, and especially 
in a country where cast-iron pipes are not readily obtainable, either on 
account of the difficulty of transport, or where a minimum first outlay 
is necessary, and which has been the case in California, where, au extra- 
ordinary high rate of interest las to be given for money. It is also 
kuown that wrought-iron will bear the pressure of a greater head of 
water than cast-iron. 

There may be some cases where, either on the score of cconomy or for 
other reasons, wrought-iron pipes may be advantageously used in India. 


A 


Bassim, West a 
J. 


loth August, 1377, 
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NOTE ON THE CONSTRUCTION OF A MASONRY BAR 
ACROSS THE GANGES, AT THE HEADWORKS 


OF THE GANGES CANAL. 
{ Vide Plates 1, If., UL, IV. and V.j 


By Cart. R. P. Ticket, R.E., Aree. Lugineer, Northern Division, 
Gunges Canad. 





Tuk Ganges Canal takes its supply from the Ganges near Bhimgoda. 
At this point the river has five channels ¢.c., the Diadia, Nildara, Chiliwala, 
and New Channel, and the Main River. The head of the Didia channel is 
closed by a permanent bar which is only topped in high floods. The 
New Channel is entirely closed by a crib and boulder dam; and the river 
is allowed to run in the Main, Nilddra and Childawala channels only, 

A reference to Plate I. will show the positions of the various weirs 
and bands, It will be scen that they form a nearly continuous line, pass- 
ing across the bed of the river from high land to high Jand; the Didia 
and Childwala weirs forming the two flanks. The only break is between 
Nilddra and Chiliwala; but the nature of that part of the bed renders 
any protective works unnecessary for the present. 

To supply the canal, bands are thrown across these channels, and the 
water is turned into what are known as Nos. 1, 2 and 3 supply chan- 
nels. No. 1 band turns the main supply down No. 1 channel; No. 2 
band turns the leakage which passes through No, 1 band down No, 2 
channel; and No. 3 band catches any watcr that may pass through Nov. 2 
band, and sends it down No, 3 channel. The latter band and channel 
are only used in cases of very great demand fur water. These channels 
all unite above Hurdwar and form the Uurdwar supply channel, which 
runs down to Maidpar, Here the required amount of water is passed 
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into the Ganges Canal through the Maidpir regulator, and the snrplus is 
allowed to escape through the Maidpir dam. These arrangements are 
shown in Plate I. 

The bands across the Nildsra and Childwala channels are made of 
boulders, Those in the main river are constructed of cribs filled with 
boulders. 

All these bands are carried away every rainy season, and have to be 
re-constructed during September and October, At this time of year there 
is a considerable discharge in the river, and consequently putting up the 
bands has always been a work of more or less difficulty. It was gene- 
rally found too, that the river had, while in flood, scoured deep holes at 
one or more places along the proposed line of band; and these holes na- 
turally added to the difficulties of construction, and sometimes caused 
delay in providing the canal supply. 

Of Jate years, the increase in Canal irrigation made the demand for 
water so great, and so constant, that it became necessary to facilitate the 
construction of the bands by preventing the formation of these deep 
holes, and stopping any tendency there might be towards a retrogression 
of levels in the bed of the river. 

To do this, it was determined to builda permanent bar across the river 
at the general level of the cold weather bed. Vhis plan had been tried 
with success on the Nildara chanuel, and has since been carried out on 
the Childwala channel also. In the two latter cases, the bar was raised 
rnbove the bed of the river, and it was found that the bed above the bar 
assumed an even surface level with the top of the bar. At this time the 
deep channel and main force of the river were on its left bank, and it 
was the unanimous opinion of the Canal Mngincers that the river should 
be kept as much as possible on the right bank. It was, therefore, dcoter- 
mined to commence the construction of the bar from the Jeft bank in 
hopes of driving the river towards the right. A length of 500 feet was 
built in 1864, and had the expected resnlt, This part of the work is 
shown as “ Weir Complete” in Plate IT. In 1874, the length of the 
bar had been increased to 590 feet; after the rains this length was fonnd 
to be shingled up, and the force of the river passed beyond its right flank. 
In 1876, a further length of 290 feet was added making the total length 
of the bar, from its left flank, 880 feet. It now became evident that the 
limit to such extensions of the bar from the left only had been reached ; 
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for the river was thrown with so much force on to the right bank, that the 
destruction of the island between No. 1 and 2 channels was threatened, 
and the laying of the eribs for No. 1 band was rendered very difficult. 
It was therefore determined that, before next rains, the bar must be 
completed across the Ganges, and that the nose of the island between 
Nos. 1 and 2 supply channels must be made strong enough to resist the 
full force of the river. 

It was anticipated that the check placed on the scour by the construc- 
tion of this bar might inerease the action of the river elsewhere, especially 
down No. Ll supply channel. It was, therefore, determined to carry the 
bar over the island and across No. 1 supply channel; and protect tho 
flanks of the bar by wing-walls. The general plan of the work is shown 
in Plate TIT. Ywill here give an outline of what has becn done, and 
leave the description of the details to Lieut, Clibborn, the officer under 
Whose immediate superintendence the work has been carried out, 

It must be remembered that all the arrangements for carrying out this 
work were governed by the necessity of keeping up the reyuired supply 
in the Ganges Canal. 

Work was commenced at the end of the existing portion of the bar, 
(point a, in Plates LIT. and IV.,) and by the arrangements described by 
Lient. Clibborn, the bar was carried conipletely across the Ganges and over 
No, lisland. The down-stream wing-wall, and a portion of the Redan 
revetment were also built. 

What had to be done now was to close and drain No. 1 supply channel, 
take the supply for the canal throngh or over No. 1 baud, and divert it 
down supply channels Nos. 2 and 3. ‘This was done by lowering 500 fect 
of No. 1 band, (see BI, Plate TV.,) and allowing the canal supply to pass 
over it, and making a strong crib and boulder dam across the head of No.1 
channel. When the water had settled itself down to this new regimen,— 
which it did most comfortably,—the left flank of No. 1 band was also low- 
ered, The water passing over this flank ran into the river, and not into the 
supply channels; therefore this portion of the work acted as a waste weir 
(see IX., Platc IV.) 

Hitherto the drainage operations had been attended by this advantage, 
that there was an ample outfall into the deep channel of the river below 
the work, But now the conditions were quite altered by the fact, that the 
canal supply must pass between the work and this outfall, while decp 
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drainage down No. 1 channel was impossible, because, the back water 
from Nos. 2 and 3 channels rose cousiderably above the foundation of the 
work. Two steam engines and several pumps were provided to get rid of 
the watcr, but it was more than doubtful whether they could doit. There 
was no alternative, but to make a tunnel from No. 1 supply channel, 
passing through the island, under the branch of the river carrying the 
canal supply, under the band which turned the supply down Nos. 2 and 
3 channels, and discharging into the deep channel through an old crib 
and boulder bar, known as “ Login’s weir.” With the assistance of this 
tunnel the bar across No. | supply channel was laid with the exception of 
a gap, which it was necessary to leave when the demaud for wator in the 
canal arose in July. 

In order to fill in this gap, with a running canal, all the difficult, 
expensive, and Imay say dangerous, operations of last year wonld have to 
be repeated. The demand for irrigation ix now so constant, at nearly all 
seasons, that there seems no probability of a canal closure long enough to 
allow the work to be done during it. 

The fall in the bed of river is so much greater that of the supply channel, 
that I do not fear any sconr down the latter. JT have therefore proposed 
that we should content ourselves with having some concrete blocks ready 
to throw into the gap if any action sets in. 

This year’s floods were so slight that the work cannot be eaid to have 
undergone the test of an average rainy season; but from what was seen 
this year, there is every reason to hope that it will be quite sueccssful, 


wed. TT. 


Deseripiion of the Construction of No. 3 Bhingeda Weir, By Liver. 
Crumnons, BAC. 

The chief difficulty met with in the construction of this work was the 
management of the water, including the diversion or passing off of floods, 
freeing fonudations from water, and keeping up the canal supply. 

Before explaining how the difficulties connected with water were con- 
tended with, it is necessary to describe the different classes of bands used at 
the Ganges Canal headworks. No clay being available within any rea~ 
sonable distance, fine shingle and sand have to by used to make the bands 
water tight. Plain shingle bands are used in situations where there is 
little or no current, and no great depth in the water; and boulder or crib 
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bands in places where the run is moderate or very strong, and the depth 
considerable; sketches of each class of band are given in Fiys. 1,2 and 8, 
Plate V., and it will be noticed that a mat of grass or finc branches woven 
togethor is used to catch the small shingle and prevent percolation. This 
mat should bo carricd at least 10 feet on the ground at the toe of the band. 

The leakage almost invariably comes ont at the point marked A, and 
it is found that if the mat be kept well on the ground in front of the 
band the percolation is much less. 

Fig. 8, Plate V., is the cross-section of the bund used for Nos, 1 and 2 
supply channels. Hach crib ix something over 10 fect wide, (cight cribs 
make 100 running feet of band,) and after having been put together on a 
sloping foreshore of the river is taken up by a boat, fitted with shear legs, 
winch, and capstan. It is attached to the shear legs of the boat by a sus- 
pending rope, fastened at B, Fig. 8, Plute V. To balance the weight of the 
crib, which hangs over the stern of the boat, the bows are loaded down with 
a number of large boulders, which are afterwards used to weight the erib 
down when in position. The boat is couveyed by means of a snatch block, 
working on a cable stretched across the river, to a point just above the 
position the crib is to occupy in the bund. The crib is then fastened by 
ropes to the one previously laid, and also in such a manner to the boat, 
that it cannot be twisted by the current; and, as it is lowered, is gradu- 
ally pulled into position, and filled with boulders from a nuniber of smal 
buats fastened to the large boat, which is kept in its proper place by a 
rope wound round the capstan, and fastened to the snatch block which 
runs along the main cable. 

This block can be moved into any required position by means uf sinall 
capstan placed on each bank. As the crib is sometimes carried away 
by the stream beforo being properly weightcd, arrangements aro made to 
allow ofits being instantly cut adrift, if necessary. Tach crib is only loaded 
at first with as many boulders as will keep it firmly in its place. The 
filling is commenced when the whole line is laid and is carried on, so that 
the depth of water flowing over all parts of the band shall be uniform. 
When the filling of the cribs with boulders is complete, the mats and 
shingle are added. 

In all the diversions and drains, &., some one oi three claeees of bands 
was used, nearly 2,500 running feet of crib band alone were putin, On 
commencing work at the pvint a, in Decombcr 1876, a drain was dug 
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into the channel YZ, (see Plate IV.,) and a length of about 150 feet of 
the foundations of the weir was enclosed by shingle bands. 

The drain reduced the depth of water on the foundation level to about 
2-5 feet; and the shingle having been excavated out to a depth of 1°5 feet, 
the square cribs, forming the framing of the weir, were countersunk into 
their places the remaining foot; and, one by one, filled with masonry, 
composed of boulders laid in equal parts of stone lime, surkhi, and coarse 
elean shingle. About 60 cubic feet of this mortar is required for 100 enbic 
feet of work, With the exception of about the lirst 100 foot length built, 
the upper foot of masonry was laid in mortar composed of 30 cubic feet of 
kankar lime, and 30 cubic fect of shingle to the 100 cubic feet of masonry. 
The kankar lime was of superior quality burned with coal and charcoal at 
the Jaoli Falls, (50th mile of the main canal,) and ground very fine with 
revolving pan niortar mills worked by ad0 H.-L. Turbine. The lime was 
boated up in grain bags, and cost about Rs. 30 per 100 eubic feet delivered 
atsite. Boulder masonry costs Rs. 2-8 for labour per 100 eubie feet, which 
includes the collection of the shingle and boulders, Thus the total cost of 
the masonry may be estimated at from Ry. 12 to 14 per 100 cubic feet, in- 
cluding lime. Kankar lime, which is eminently lydrantic, was used for the 
upper foot of masonry on account of the necessity of rnnning water over 
each section of the work as soon as it was completed, The next 200 feet 
in length were built im precisely the same manner, except that the work was 
much delayed by constaut tluods in feburary 1877. The temporary bands 
were several times breached, and the original dram so silted up that it was 
determined to utilize it as a byewash to carry the surplus leakage from 
No. 1 band into the river, and to run the temporary bands right up to the 
Island between Nos. 1 and 2 channels. The abnormally high state of the 
supply in the river rendered this possible, as the leakage through No. 1 
band was not required to keep up the supply for the canal. <A reference 
to Plate TV. will show the state of the work at this time. The tem- 
porary bands ran along the line DCEG. The leakage from No. 1 band 
passed through YQ, and a new drain WJL, was dug along the face line 
of foundations. This drain was 15 feet wide, and was cut through 
Login’s weir (OL); but the leakago through the band was so heavy, 
owing to the great head of water on it, (from 12 feet to 15 feet,) that 
the drain only lowered the surface to 5 foet above foundations. As 
it was impossible to work in this depth of water, a second band was 
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then made along the tue of DCKG, forming a high level drain to carry off 
aportion of the leakage. This drain was carried over the low level drain 
by a wooden aqueduct, 10 feet wide and 20 feet span at J. A permanent 
sil-wood tunnel fitted with sluices was built under the weir at S, not 
only to carry off drainage from up-stream of the weir, but to act as a main 
drain in case of any future works north of the present weir. By the aid 
of these arrangements the crib and masonry work was connected with the 
Redan Island, and the Lower River wing-wall, and 100 fect of the Redan 
revetment built. There was however great delay and inconvenience from 
continued rain and floods. After many minor disasters, an cxtraordinary 
flood came down the river on the 21st of March, passed almost completely 
over No. J supply band, and washing away a great part of the temporary 
bands—silted up all the drains and excavations, and carried away the aque- 
duct and a good deal of collected material. The river, however, appeared 
tu be satisfied after this, and did not give us any great trouble afterwards 
until the regular snow water floods came down. 

The details of the Redan revetment are shown in Fag. 5, Plate TIT. 
The frames were put together cluse to the work, and the poles nailed on 
after the foundations were built in, The revetinent was made continuous, 
not in seperate cribs, as there was but little danger of settlement. The 
main timbers are fastened with one-inch screwed bolts and 12-inch twisted 
nails; and the poles with eight-inch plain nails: twisted nails weigh about 
one seer cach and have a very strong hold in sal-wood: eight-inch nails 
run about 160 to the maund. The synare boxes and revetment cribs are 
also bolted together at A. (Avy. 5, Plate IIT). 

The system of double or treble bands and drains at different levels, re- 
ferred to above, appears to be almost the only way of lessening leakage 
where you have to overcome oa heavy head of water with a bad sub-stratum 
to found the band upon. The leakage, as pointed out before, does not 
pass through the band, but weder it. All along this portion of the work 
there had been heavy sconr, and consequently, a deep hole during the flocds, 
and when No. 1 band was under construction, the deep holes had become 
loosely shingled up; if the temporary band could have been built across 
this under a heavy scour, each crib would have sunk down to the solid 
bottom, and we would have had comparatively little trouble with drainage, 
but this was not practicable, owing to the necessity of keeping up the 
canal supply, 
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This portion of the work was completed and the diversion commenced on 
the Ist of May. Inthe mean time the arrangements for d-aining the foun- 
dations of the Redan revetment and the weir across No. 1 supply channel 
were made. Fortunately for our purpose, but uufortunately for himself, 
Mr. Wilson, the enterprising contractor for State Railway sleepers, had 
floated down the river a large number of 10’ x 10” x 5” deodar sleepers, 
and some of these got broken on the way. The available four feet and 
five feet lengths were cnt in two and nsed to construct a tunnel (AZ, Fig. 
1, Plate VIIL, and Fig. 4, Plate X.), passing completely under the pro- 
posed diversion of the canal supply. Owing to the difficulty and expense of 
excavation below spring level, the top of the tunnel was 15 inches above the 
normal bed of the river at the line of crossing ; 50 that when covered witha 
protecting layer cf boulders it acted somewhat as a submerged weir, and 
during floods the action over it was sometimes very heavy. But it never 
moved in any way until the ord of July, when the regular ratn floods breached 
No. 3 temporary band, and carricd away some of the tunnel along with 
the crib immediately over it. The section of the tunnel being 4! x 4’, 
and deodar wood very light, its buoyancy may be said to eqnal 1,200 
Ibs. per foot ran, requiring 15 cubic feet of boulders per foot run at least to 
give it sufficient staltlity. It was not however possible to put more than 
three or four cubic fect above it, so the section was made somewhat broader 
at the base than the top, and loaded cribs, braced across, were put on each 
side at 30 foot intervals, a continuous beam was also bolted along the out- 
side one foot above the bottom, and this was luaded down as shown in Jig. 
4, Plate X., aa, being three feet lengths of eugine firewood, laid one end 
resting on the beam and the other on the solid ground. During flood there 
was a depth of from eight fect to nine feet of water passing over the tunnel, 
and the fall over it was very perceptable. Its having stoud firm with so 
small a factor of safety shows, I think, that provided a weir is protected 
from scour above and below a very slight section will suffice. During the 
progress of the work in No. 1 channel, the interior was daily inspected by 
a belddér passing completely under the river, and the leakage through tho 
joints was found to be very slight; the caulking with the pounded root of 
the dhdk tree (nassa dhak) being efficient. The total cost, including 
laying, &¢., was Re. 4 per foot run, or nearly 2,800 Res. altogether, 

The diversion of the Canal supply was commenced carly in May. Nos. 
2 aud 3 channels having becu previously excavated to a width of 200 
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feet and 100 feet, respectively, and the band ILYGLKO, Plate 1V., built, 
with the exception of the parts shown in shading through which drainage 
passed. The bands MN and EG, &c., were cleared away, drains, &c., filled 
with boulders, all the vacant spaces in 10 were closed up, and FSE and 
CB built, the laying of the cribs for AB, the canal band, was commenced. 
This part of the work, and indeed the whole process of the diversion, was 
much inconvenienced by constant floods. The canal supply, estimated at 
7,000 enbie feet per second, was taken over No. 1 band at BI, in a length 
of 500 feet portions at B and J, being left to act as spurs. It was not 
possible to take out the entire band, nor in any way advisable; because, the 
channel below being deep, bat unavoidably narrow at MV, it could not carry 
more than 10,000 cubic feet comfortably, (it eventually carried nearly 
14,000 cubic feet, but there was great danger all the time.) Provision 
was therefore nade to divert surplus flood water across the left flank (IX) 
acting asa waste weir, Towards the close of the work, the river had risen 
so much that the whole of No. 1 band, to the left of B, was cut away. 
The water also passed over the Island LY, the band LY having been re- 
moved. Jt will be understood that the band from Y¥ to O was in very 
heavy embankment, and any breach in it would have passed the whole 
canal sapply down the river, the entrance to Nos. 2 and 3 channels being 
ata higher level than the mver bed. 

On the 4th of May, the lowering of No. 1 band was commenced by dig- 
ging a hole in the shingle in front of No.1 band at each balla, and cutting 
off the front members of the cribs, three feet below water surface, the 
holes were then refilled, and the outside logs or ballas cut off at lower 
water surface. This enabled us to remove all the woodwork without dis- 
turbing the boulder filling, which was douc on the Gth May, leaving the 
band in the state shown in J%g. 5, Plate V. The mats and shingle which 
were so cemented by silt, &c., obtained from the water percolating through 
them, that they stood in the position shown, were cut away the same day, 
and the band at AB completed by the 12th May. 

The remainder of the work was carried out in a similar manner to that 
before described. The main leakage was taken down No. 1 channel, 
other leakage in a lower level channel connected with the tunnel, and the 
foundations then pumped out. 

Two cight-inch centrifugal pumps and a 12-feet diameter scoopwheel, 
worked by two 12 II-P. engines, were uscd. The centrifugal pumps were 
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worked together by means of a counter shaft, and the lift being low did 
fairly satisfactory work; but pulling engines about over boulders does not 
improve them. The scoopwheel is a very good form of pump for a low 
lift, the draw into it is so great that boulders are apt sometimes to injure 
the fans but that can be obviated by passing the water through a sercen. 
dt discharged 11 cubic feet (measured) per second with a six foot lift. 

The greatest tronble was met with at the nose of the Redan. It was 
with the greatest difficulty the cribs were got in; and it being found im- 
possible to get them down the ful! depth, they were left one foot higher 
than the rest of the work. The crib work at this point is rather compli- 
cated, ending in a log of s4l wood 40' long x 1’ square, the lower 
end of which is firmly braced to five voussoir shaped cribs in the forn: of 
an arch, which are completely filled with kankar lime masonry. As the 
floods were daily expected down when this part of the work was nearly 
completed, 50 feet of the masonry revetinent was planked over and 
strengthened with strips of iron screwed on. 

The light poles or “tors” shown outside the masonry of the Revet- 
ment, (a, a, £9. 5, Plate ViLI.,) are merely to protect the work whilst 
green, and they will be removed and the masonry plastered when 
thoroughly bard, 
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Abstract of Estimate for Completing No. 3 Retaining Weir, Bhimgoda. 


























PRICE 
Quantity {—~————_——--—-———— | Amount Total 
Rate Per 
: RS, RS. Rs. 
Excavation,  «. 7 es -130,06,910; looct 9,062 
Shingle hands, .. ee oe o+| 6,17, a b- vale oe 2 OB 
Boulder yy es os ve os ne 1(- a orare ! 627 
Do. filling, ce ee o+{| 2,271,250 a ee 1,770 
Kokat cribs band, a oe ws 1,800; 614-01, 1. ft 11,062 
Square cribs, GO'xX 10x Sy). 613! 80-0] each. | 18,390 
ie (lo x 12 xk OY) Bl 34-01, 170 
Oblong cribs, (10'x 5S’ x SY) .. 95; 26-81 ,, 2518) 
Trapezoidal cribs, oe ve o 951 68-0), 6,460) 
S84] wood, ee as oe aa 75 fect. 225 
Boulder and stone lime masonry, ee} 216,600)  13- sl loe.ft} 28,158 
Boulder and kankar lime masonry, ..} 65,000 ee ms 9,425 
Earthwork, oe oe as »+| 1,96,200 aes ss 589 
Pumping, an os oe as 50; 25-0' day, 1,250 
Maintenance during and ss oa after | 
floods, oe ee in oe ea 5,000 97,284 
: 
| ‘ 
Add, say 10 per cent. for Contingencies, Se oe ee 9,728 


Grand Total, Rupees, «« 1,07,012 
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NOTE ON NEW RESERVOIRS FOR NEW YORK, 


{Written in 15697. 


By Mason J. M. Hevywoon, REL, Avec, Fagiacer, Beugad Irrigation 
Department. 


Resenyvorn at Boyvo's Conver. 


Tus reservoir, now under construction, is intended to store up a supple- 
mentary supply of water fur the town of New York. It is situated at 
Boyd's Corner, 25:75 iiles above the Croton Lake in a wild, bleak, 
hilly country, which is exposed to a rainfall similar to that experienced 
in New York. This amounted in 1867 to 50-07 inches, that in New York 
having been 50°33 inches. A curious phenomenon ts here observed, which 
has often been noticed in other localities, viz., the extreme partiality of 
rain to certain spots, thus at Sing-Sing, 74 nules below the Croton Lake, 
the rainfall in 1867 amounted to 88-02 tches, and in 1868 to 93-42 
inches, whilst at Tarringtown, situated 6 miles to the south, the quantities 
gauged were respectively 49°73 and 30°19 inches, and in the hills at 
Boyd’s Corner, 50-07 and 50°33 inches. 

The dam is to be 75 feet at its highest poimt, measured from the lowest 
depth of the foundation, this will sulfice to pond back the water a distance 
of 7,500 feet, and flood an area of 303 acres. The quantity thus stored 
is calculated to ba equal to 451,290,000 cubic feet. The drainage area 
is 20°37 square miles. 

The foundations of the dam are laid on the solid rock, all loose, soft, or 
broken rock having been carefully removed. Nearly the whole of the 
foundations are of eonorcte, the exception being a length of about 225 
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feet under the outer face wall on the north-easterly end, where cut stone 
masonry has been substituted. 

The superstructure is now (1869) under construction, it consists of 
two outside walls of cnt stone left rough on the faces, and filled in with 
concrete and large stones. The concrete is formed of the gneiss and 
granite rock found in the vicinity, broken so that the maximum dimension 
shall not excced two inches, and the minimum one-fourth of an inch, 
mixed with mortar previously prepared. The mortar is made from Ro- 
sendale cement mixed with sand, in the proportion of 1 part of cement 
(packed) to 2 of sand (loose), this makes 2-4 parts of mortar, the shrink- 
age being one-fifth ; 4-8 parts of loose stone are added, which reduces to 2° 
parts, if the interstices are deducted, so that a cubic yard of concrete re- 
quires 

55 eubie feet of Rosendale cement. 


O30, gy) gs Joose sand. 
264 =, ggg, _-Droken stone. 


RE 


Total, ... 429 cubic feet. 


The stone weighs 167 ts. per cubic foot (sohd). 
» cement (oe a » (packed). 
» sand 82 oy yo », (loose). 


The large stones in the interior of the dam are on an average five feet 
lung and two square fect in section. They are laid in layers, alternately 
parallel, and at right angles to the outer walls of the dam. Lach stone is 
well bedded in and covered with mortar, and then packed up with eement. 

The facing stones are never less than three feet by two-and-a-half fect 
by one foot, and are dressed for at least a foot of their length, so that the 
joints in that distance shall not exceed three-fourths of an inch. Head- 
ers, two fect by four feet by one foot, and upwards, are inserted at 
every three fect in height, and every six feet measured on the line of the 
dam. 

At the north-east extremity, two canals or outlet culverts, four feel three 
inches in diameter, are made through the mass of the masonry at a depth 
below the crest of 57 feet : they empty into the river below. 

The machinery for regulating the flow will be worked in a small 
gate~housge, sixteen feet by nine-and-a-half feet, built immediately above 
the outlet on the down-stream side. The walls of the gate-house are to 
be of stone, lined inside with brick masonry ; the latter matorial is also to 
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» employed in the roof, which will be one foot thick, filled in at the 
vandrills with concrete, and covered with blue stone flagging three inches 
lick. 

In plan the dam is right lined, the curved form, nearly always adopt- 
J in similar work in Europe, not having been considered necessary. 

In profile the inner face is carried up vertical, and the outer with a 
atter of 24 to 1. The crown is 9°8 feet broad. The waste weir 
vill probably be cut in the hill side on one of the flanks, but its exact 
sosition has not yet been definitely fixed. The following profiles show 
it a glance the difference between the American and French types of such 


work. 
let. Where the latter is intended for broad gorges (limit pressure 


85°3 tbs. per square inch). 


Sectional area of American type, 
eS X G5 x= YO square fect. 
Sectional area of French type, 
pa Ss 74392 
V135 4 41-17 


3 x Ltd == 488:90 





Total == 12382°82 sq. ft. 





2nd. Where the French type is intended for narrow gorges, the limit 
pressure remaining the same as before. 


Sectioual area of American type = 991‘ square feet. 
Sectionalarca of French type, 
16-4 1. 91-35 
2 
21:35 -- 82°67 


2 beatae acteenteel 


t 
Total == 1166:35 sq. ft, 


| 
| 
| 
x 39°80 = TISN2 | 





% 15-42 42243 : 





ao NOPE ON NEW RESERVOIRS FOR NEW YORK. 


ard, Where the French type is intended for both kinds of gorges, 
but the limit pressure is increased to 199 bs. per square inch. 


American type == 991 square feet. 


Sectional area of French type, 
164 4 20-0] 


jon 7 BONG = T1655 


20-01 +. 26 71 io 


ween VSG =e BOF 
a 












pistes ey 
Total == 10810 sq, ft. sw LOI \ 
%, 
f \ "A 
are t soak ay) 
v4 


Figh Service Reservoir at Carmansville. 


The Wigh Service Reservoir is another of the works rendered necessary 
by the rapid increase in the town of New York, it is so designed as to 
allow of the water being forced up by gravitation to the higher points 
of the suburbs. 

The banks are being constructed of earth with a puddle wall in the 
middic. The inner and outer slopes of the banks are all of 14 base to 
1 perpendicnlar. The inner or water slopes are covered with a stone 
pavement one-and-a-half feet thick, the outer slopes are covered with soil 
one foot thick. The banks, when finished, are to be nine feet six inches at 
the top, and are to rise two feet above the water line. The puddle bank 
will extend from the rock to within two feet of the top of the bank. It 
is to be four feet wide at top in the bank, and 10 fect wide ot a plane 
J& feet below the top of the reservoir bank, so that the sides above that 
height approach each other with slopes of 2} inches base to J foot vertical 
on each side. 

The specifications Jay down that the earth to be used both in the puddle 
trenches and embankraents mnst be free of all stones more than two inches 
im any dimensions. The embankments are to be formed in layers of not 
more than six inches, well packed, by carting, rolling or ramming: they 
are not to be carried up more than two fect in advance of tho puddle. 
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The paving of thainterior slopes, 18 inches in thickness, is to consist of 
asingle course of stoncs, set on edge, at right angles with the slope and 
laid in cement mortar. The coneretes is to he formed of clean broken stone 
which will pass through a 14 inch ring, mixed with cement mortar. This 
mortar is to be composed of 2 parts of sand to 1 of cement. The 
cement is that known as Rosendale or Newark. The proportions of the 
mortar and stone in the coneretes depend on the eapacity of the stone to 
receive the mortar, and are determined by the Engineer accordingly. 

The interior wall is made perpendicular for two feet in height ad the 
top and two feet thick: it is to be capped with a granite coping one foot 
by three feet, 

The bottom of the reservoir is to be covered six inches deep with good 


to he two gate-houses, one 27 feet 2 inches x% 27 fect: the 

other 27 feet x 35 feet 8 inches. 
The water is to be pumped up from the ayneducts below by a powerful 
ateam engine, of the kind known as Worthington’s Duplex Pumping 


auiy engine is very cxtensively used in the Unite States, and is stated 
to give very good results, and to he economical in the consumption of 
fuel; it also requires less attention from skillfal enginemen than any 
other kind now in use. It Is strictly a steam pump, consisting of two 
steam cylinders and two watcr cylinders laid horizontally in pairs, the 
piston rod of cach steam cylinder extending to its water cylinder, and 
working a water displacement plunger. The conneeting rod of the right 
hand engine works the steam valves and air pumy of the left hand engine, 
and vice versed. A pair of engines similar to those recently constructed 
at, Charlestown, Salem and Newark is capable of elevating 5,000,000 gal - 


lens of water per 24 hours. 
Yout #F. 
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BRUSHWOOD MATTRESSES FOR RIVER-TRAINING 
WORKS. 


By Carr. R. P. Ticxetr, R.E., Brec. Engineer, Northern Division, 
Ganges Canal. 


Brusnwoop mattresses, similar to those so extensively used in Holland, 
have been found very successful as spurs for training the hill torrents 
crossing the upper part of the Ganges Canal. 

The branches obtained by trimming the trees, chiefly shisham, on the 
Canal banks, have been uscd for making the mattresses; but the best 
material would be Mulberry, Willow or Mala (Vitex trifolia). As river 
training works, once begun, generally go on for several] years, there would 
seldom be much difficulty in arranging for a supply of brushwood. 

The mattress consists of brushwood contained between two layers of 
fascines, and is constructed as follows:— 


Pian of 1st layer. Plan of 2nd layer. Cross Seciion of Mattress. 


| DBDrushwood, 





Lay a row of fascines of the required width, cach fascine being of the 
full length of the spur. ‘Ihen drive bambis or stakes intu each fascine 
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at intervals of 2 feet, and to each stake tic the end of a rope, the other 
end of which is attached to the fascine. On the bed of fascines thus 
formed lay brushwood 3 to 5 feet thick, and on it lay another row of 
fascines similar to the former one, but at right angles to it. In this case 
each fascine will be of the full wedth of the spur. 

Now pull up the bambus that were driven into the lower layer, and 
they will bring up with them the end of the rope attached to them. 
Bind this end round the fascines of the upper layer. The other end of 
the rope being attached to the lower Jayer, the whole will be thoroughly 
bound together, and the brushwood will be well compressed between the 
two layers of fascines. Of course the fascines forming cach layer are 
firmly bouud to each other. 

In Tolland these mattresses are used as foundations for piers, break- 
waters, &c., and are laid as follows :-— 

The cdges of the mattresses are attached to buats filled with stones, 
and the mattress is floated ovor the place where it is required to be sunk. 
The crews of all the boats commence to throw the stones from their boats 
on to the mattress, and continue until the mattress nearly becomes so 
heary, that the boats can support it no longer. ‘Then, at a given signal 
all the ropes attaching the mattress to the boats are cut at once, and the 
loaded mattress sinks into its place. More stones are then thrown into 
it, until the required foundation is obtained. The matiress must be con- 
siderably wider than the base of the foundation. One of the great advan- 
tages of the mattress is its flexibility, which enables it to adapt itself to 








inequalitics of the bed on which it is laid, and also to assuinc a pusition 
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favourable to checking scour; thus if there were a scour along the tuo A, 
the mattress AB would assume the position AwB’, and form a good pro- 
tection against it. 

It may seem that brushwood is a perishable material to form the 
foundation of permanent works ; but it is assumed that, as the brushwood 
rots, its place is take by sand, drift, &c. As a matter of fact settlement 
does not tuke place. The facility with which mattresses assuine a position 
to check scour make them very saitable for laying in places where a river 
has made a dead set on to its bank. For such work, and training hill 
rivers, the matresses will generally be laid dry. It is not always possible 
to obtain heavy material for loading the mattresses at a reasonable cost. 
Sand bags filled with earth and firmly bound to each other will answer 
the purpose very well. In one case a flood came down on a mattress 
which was not only unloaded, but unprovided with the upper layer of 
fascines; the mattress stood, threw up a heavy silt deposit, and diverted 
the flood. This has Jed to a number of spurs being made of unluaded 
mattresses, which have stood well: bnt it would be premature to assume 
that unloaded mattresses can, as a rule, be depended upon. 

When first using mattresses, there is a temptation to try and assist 
them by piling along their edges, driving stakes through them, &e. 
This must be resisted, as it deprives them of their great source of strength, 
é.¢., their flexibility. With brushwood brought froin a mean distance of 
24 miles, the mattresses have been made for Rs. 6 to Rs. 8 per 1,000 cubis 
feet, including everything. It is by no means certain, as yet, that this 1s 
the proper rate, 
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NOTE ON INCLINED GAUGES FOR MEASURING THE 
HEIGHT OF WATER IN RIVERS AND CANALS, 
| Vide Plate I,J 


ee Raa eer Erte nee rma A pte Ae tae ame 


By E. A. Parsicx, Esq., C.E., F.G.8., Asst. “Lngineer. 


In India, where rivers abound subject to heavy periodical inundations, it 
is often of the greatest importance, in connection with canal, embankment, 
and other schemes, to ascertein the maxitnum and minimum heights of 
floods, and also their oscillations between these limits, at obligatery points, 
whose loci, though depending chiefly on the nature of the project, should 
also be selected as far as possible. 

Ist. Where the bank is firm, is not under erosive action, and has a 
uniform minimum slope. 

2nd. Where sandbanks, islands, eddies, and other causes likely to 
disturb the normal conditions of flow do not exist. 

ord. Where sufficiently low readings can be taken. 

ach site selected should also be suitable for measuring the quantity 
of water passing through the river-section opposite the gauge, as it is of 
the utmost importance to record the slightest variations im hydraulic 
height, while discharges are | eing taken. P 

Sites conforming to all the above requirements will seldom be found, as 
owing to the generally tortuous course of most Indian rivers, few, if any, 
sufficiently long reaches, meeting the most favourable conditions of either 
gauge-readings or discharges, exist; and the most therefore that can be 
expected is a sclection of points, at which causes likely to affect inju- 
riously the observations proposed are reduced to a minimum. 
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Such sites, within admissible distances of the obligatory ones will always 
be found along a length (ab), see Fig. 1, Plate I., between adjacent 
river bends, above which the acceleration caused by the upper bend (A) 
has ceased, and below which the affux and consequent retardation re- 
sulting from the lower bend (B) commences. 

It is evident that a gauge placed as indicated, i.c., between the poiits 
ab, will record river heights, and will not be so liable to accidents as one 
situated in either the length aA or OB, and that the nearer the gauge is to 
the lower bend L, within the length ad, the better will all requirement be 
met is also evident, for thus a maximum length of base line ed will be 
secured, and the “run” for timing velocities, will also be located within the 
limit, where disturbing causes are at a minimum. 

It may here be casnally noticed, that thongh 50 feet was the standard 
run adopted for the most critical of the Mississippi experiments, and that 
though the same length was found most suitable for the more recent 
experiments at Roorkee, yet that in all cases, where time is uot recorded 
by other than ordinary pocket watches, the safest run will probably be 100 
feet in connection with the fact that the chances of error in deducing 
velocities, and the chances of Noats diverging from parallelism to the axis 
of the stream are inversely as the length of run. 

As regards the relative merits of vertical, and inclined, gauges, it 
may safely be stated that the former are best suited for measuring the 
height of cross-country inundations; while the latter, for the following 
reasons, will be found more useful and economical along river and canal 
slopes :—— 

Ist, The dimensious of cach decimal graduation permit of approxi- 
mate readings to hundreths, and this combined with the size of the figures, 
and the fact that the observer can walk down to the point to be recorded, 
reduces the chances of error in reading to a minimum: thus, in the ex- 
ample given farther on, the area of cach tenth of a fout ig U254 * 0250, 

2nd. They are constructed more readily, casily, economically, and with- 
out the aid of special apparatus. Vertical gauges in swift rivers, when 
even in short lengths along shelving bauks, cuunot be relied on unless 
driven home with pile machinery, which becomes an absolute necessity, 
where the banks are high and scarped. 

3rd. Owing to the greater nomber of points of attachment they are 
stronger, stiffer, and not so liable to accidents from scour. They are also 
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less open to injury from contact with boats or floating logs, trees, &c., and 
from boats being tied to them. All these are constant sources of annoy- 
ance in connection with vertical gauges, which arc often carried away bodily 
from the causes named. 

The site for a gauge having been fixed in reference to the precautions 
just noted, and the required materials having been delivered, the following 
procedure should be adopted, 

Werked scantlings, 11h’ x 5” x 3”. 

Rough posts, about 7 feet long and 12 inches diameter. 

Iron circular screw-bolts, 8-inch diameter and 11 inches long, ex- 
elusive of head with 3 inches length of thread. 

Ist. Wxcavate holes, (Fy. 2,) down the shortest length of inclination 
four feet in depth, and just sufficient in area to receive the posts provided at 
central intervals of 10 feet measured along or parallel to the intended 
slope of gauge, which should be as nearly as possible parallel to that of 
the bank. 

2nd. Secure the beds of these holes with well-rammed lrickbats or 
with bricks laid flat, and then jump the posts into them with their thicker 
ends downwards, and fix them in position by closing up any vacant space 
round them with dcdris, or earth tightly packed by ramming. 

Bred. Work the exposed portion of each post laterally, tll it bas a 
breadth of nine inches, and then cut through it a b-inch grove, (F717. 3,) 
tu the depth required for the proper insertion of the gange-pieces 
5 inches x 3 inches in section, which when in position, should be rigidly 
connected with the posts by iron screw-bolts g-inch diameter, have their 
greater dimension of five inches vertical, and be as close as possible to the 
bank down which they ran. 

4th. The upper surfaces of gange-pieces should be in the same 
plane, (d'¥g. 4,) and this very desirable condition should not be sacri- 
ficed for minor inequalities in the bank-slope; but when this consists 
of lengths inclined at widely different angles, (J’y. 5,) it may be neces- 
sary to break the continuity of the gauge, but oven in this case the posts 
should be 10 feet apart, such distances being always measured along the 
gauge-pieces. 

5th. At will generally be possible during the dry season to fix the bot- 
tom post, so as to permit of the lowest readings required being taken, 
but in cases, where this cannot be effected, the lowest gauge-piece can be 
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supported hy the last post, (J7ys. 6 and 7,) and then projected into the 
water beyond it. If this method is adopted, the lowest posts should be 
fixed only five feet apart, and even then it is open to the objection of ex- 
posing a weak point to passing boats. 

6th. After the gauge-pieces have been fixed in position, it will be 
necessary to cut off the heads, (Fig. 8,) of the posts, which would other- 
wise interfere with the process of gradnation described farther on. 

7th. The jointing of gauge-pieces inclined at the same angle through- 
out may best be etfected by dove-tailed halvings, (Jy. 9,) but the joints 
of picces inclined at differcnt angles, will require to be more supple, and 
may consist of a halving, (27g. 10,) or an insertion, (77g. 11,) with a 
sufficient interval between the ends of adjacent pieces to allow of their 
revolving round the bolt till adjusted and permanently fixed. 

The gauge having been constructed as described, the next process is its 
graduation into feet and decimals, the greatest care and accuracy being 
necessary in each of the following operations :— ¢ 

Ist. Find the length (Z) along the gauge corresponding to each vertical 
foot of rise. To do this, first measnre from the lower eud with a levelling 
staff, the totallenyth (1) (see fig. 12) of the gange in feet and decimals ; 
next ascertain with levelling instruments, the perpendicular distance (LI) 
between the ends of the ganye in feet and decimals. 


i. — 
Then that 7 = +7 is clear, for by Hac. Book VL, Prop, IL, 


AB: BD: AC: CFE, or UW: BD: L: 2, 
Lx BD. 


or, l= 5 


{L, 
But bp), 21 = ir: 





As the utmost acenracy is necessary, the measured length (LL) of the 
gauge may with advantage be compared with this length found mathema- 
tically. 

The angle, which the gauge makes with the horizon 


: It 
== sin~’ y- == (say) 0, 


and the length of the gange L = H cosec d. 
As everything is based on the height 1, this should be very carefully 
ascertained by taking the mean of several observations. 
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, Lxample.—If the vertical distance (11) between the ends of a gauge is 
11°81 feet, and the length (L) of the gauge is 30-00 feet, 


11-81 


L = 11:81 * cosee 25° 11% = 29/9975. 

, L as actual measured, is in this case ,3, th of a foot shorter than it 
should be, an error, however, too sinall to affect future observations in- 
uriously ; 30°00 feet, the measured value of L, may therefore be accepted 
s correct. 

2nd. The length of one-gauge-foot having been found, step it off along 
the gauge from the lower or zero end; next divide each such foot decimally 
} Fig. 13); then mark each graduation by a shallow saw-cut on the face of 
the gauge, the fect and half-feet graduations being farther indicated by saw- 
uts along its down-stream side; and finally paint the decimal graduations 
om the face alternately black and white between the saw-euts, and the down 
m side white with black bands at every half-foot, and black bands and 

gures at every foot-graduation. 

High scarped banks present the most unsuitable sites for inclmed, and 
a fact for all descriptions of, ganges, but this difficulty may be overcome 
by constructing cach gauge along the bank ramped off to a slope of 

to I. 

It will always be advisable to refer the zeros of gauges to one datum 
bud to establish close to cach range a permanent bench-mark also refor- 
,ed to it: the best datum is that of the Great Trigonometrical Survey, 
biz., mean sca level 6°25 feet above the sill of INidderpur Dock. 

A permanent record of the details of each gauge, should always be at 
band for ready reference—vile Appendices Nos. 1 and LI. 
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BRICKMAKING IN BURMAH. 


By O. G. Smart, Esq., Assist. Engineer. 


Tue method of making bricks in Burmah is so entirely foreign to the 
system employed anywhere else, that I think a few remarks on it will 
not be out of place. 

As arule, in Burmsh, when bricks are required, the Engineer hag to 
make his own arrangements even down to mere details before he can get 
anything done. There are few Contractors in Burmah of any position, 
and the few that there arc, do not care to go in for brick contracts, as it 
does not pay them so well as other work; and besides, is very risky. 
Well, to start with. An nginecr has to make bricks for some work he 
has to construct, and the chances are very great that the work is away 
from any spot where work has been done before. At first, the only way 
to get men sharp, is to make the acquaintance of some of the headmen of 
the village, not the Gorernment headmen, corresponding to the Indian 
Kotwal, but the wealthy men; as the men corresponding to Kotwals, 
called Aidangyces, are always called by the villagers the fools of the vil- 
lage, (the only benefit that the Kidangyee really enjoys is exemption from 
the capitation tax of Rs. 5 per annum.) If there are no wealthy men near 
at hand, the next thing to be done is to make friends with the villagers. 
The way this is done is not by making presents, &c., but one must make 
up ones mind to pass many monotonous steady hours before this can be ac- 
complishod. The way to make friends with the villagers is the following— 
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if you know Burmese well and good, it will be so much the less tiresome 
for you, if not you must have resource to your Interpreter, and failing 
this, to signs and a great deal of patience. Having had an early dinner, 
just before it gets dark. you must find your way to the village, and yo to 
the most respectable looking house, or where you see a number of lovbyoa, 
or bachelors assembled.  Forthwith you are offered a seat, cigars are 
brought out, and you are surrounded by the village folk. At first the con- 
versation is bosk and then it begins tu flag. The meu po ou sucking 
their cigars (made of tobaceo chopped up with chopped sticks and beth 
rolled up in a dry leaf, much resemtding the leaf of the pipal tree), and 
you follow anit: if you can speak, then is the time to commence chafing 
any of the fair damscls that are round about, as the Burmans are very 
fond of chaff, and yet an individual dreads being chaffed. An Engineer 
who passed ont of Roorkee sometime back, went to Arracan, where no 
labour of any kind had ever been obtained, and having first couxed the 
women to work, then chaffed the men into workin by comparing the two. 
Having smoked unlimited cigars for a few evenings with the Durmans, 
you must then commence trying to get them to work. Whatever you 
promise, you must be very careful of what you say, because the Burman 
will expect you to keep your promise to the Jeiter, and cast it up in your 
tecth if you do not, whilst he has not the slightest compunction in breaking 
any amount of promises he has made. To get the men fo work, you must 
make friends with them, treat them as equalx, as the Barman thinks all 
men are equal, and in fact make the men foud of you, ILaving obtained 
the men to work, you inast work ¢@ fa Buran, or all previous trouble will 
be useless. You must supply the paddy husk, spades, dabs, whecl-barrows, 
firewood, &c. The Barman will only give the labour pur ct simple. The 
process of Burman brickmaking is very simple, and I shall divide it into 
ateps. 

I. As soon as the bricks are to be made, the Burman clears a space of 
ground, perhaps jungle, perhaps paddy land, on which he can make per- 
haps $,0U0 bricks. fe levels this nicely and prepares his own ground. 
This is the @astir, or in Burmese, the thonga of the country. 

Yl. Waving prepared lus ground, the Burman as a rule comes and 
asks for an advance for the firat 10,000 bricks, and if you don’t pivo it, 
he will go away, unless you have plenty of other labour at hand. After 
this, if the Burman stops, he will commence digging a hole with his 
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wammoti or phaora, (which you must supply, and in fact you must supply 
every tool or article mentioned.) Having dng or rather turned up enough 
earth for 1,000 bricks, he pours water over the earth and tempers it by 
treading. Tins part of the work the Barman likes as he then can in- 
dialge in mud Jacking, and they pepper cach other pretty freely. Havy- 
ing tempered the earth, (and they do this well,) paddy husk is then mixed 
with the wet earth in the proportion of about three baskets of paddy, (a 
basket a2 Teo c¢. Ih.) to 1,000 Inicks of 127 % 6" »% 2” a small quantity 
being left to sprinkle over the top and for the wheel-barrows. laving 
thoroughly amalgamated the paddy hask with the earth by dancing about 
and treading it with their feet, the surface is nicely smoothed off, sprinkled 
with paddy husk, and allowed to seat in the sun all day. This part of 
the work is commenced about 4 a.m, and is finished by 7 a.m., when the 
wun begins to get bot, after which the Burman (who as a rule is a sturdy 
powerful man), will nut work, as he says—he is very delicate. 

411.0 The earth haying been allowed to remain in the sun all day, 
about oO o.M. the Burmwans commence carrying it in swall wheel-barrows, 


(Fig. 1.) having solid wooden wheels, tothe man who moulds. Before it 
rg a i ie 
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ig put in the wheel-barrow, the bottom of the barrow is sprinkled with 
paddy linsk, and the carth carried off. The moulder, whe has a bow’ of 
water near him, wets the inside of the mould on the side furthest from 
hin and on the left side, Asa rule the wen take np the exact quantily 
of carth required for cach brick, mould the liick and strike it off with 
the palm of their hand, and then go on to the next. A man monlds 1,000 
bricks a day with ease. A gang of four men can mould, if they work 
well, 1,500 bricks a day. 
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IV. The bricks when half dry are put on end, and when quite dry, 
Fig. 2. their rough sides are cut with a two-handed dab 
» or knife, (Fig. 2,) and the bricks made toler- 

ably square. 

V. The bricks are then stacked for count- 
ing in lines of 100 each and 10 high, and 
j generally in clumps of 10,000. Up to this 
sate there is a breakage of 10 per cent. 

In many places the brick maker considers this as a completion of his 
work and will not nake the kiln or burn it, for which other arrangements 





have to be made. 
VI. When the Burman makes his kiln, he invariably makes it with 


very smiall flues, so that there will be no trouble in arching it. The 
Burman likes to put all his bricks on end and close together, so close that 
one can not put a straw between. When the kiln has been ran up 10 
bricks high above the flues, it is considered as finished. Occasionally in 
the middle of the kiln, bricks are left out and a log of wood inserted, and 
if paddy husk is plentiful, layers of this stuff are laid very frequently. 
After the kiln is made, a jacket of bricks laid flat is made round it, and 
the whole plastered over with mud. 

Vit. The burning is generally also considered a separate item from 
making the kilo. If a Burmanis allowed to doas he likes, he commences 
burning about 6 roa, and by 12 midnight of the day following he banks 
his flues. For the first six lonrs the burning is slow and then very 
rapid. The firewood, which must all be collectel during the rains pre- 
vious, is generally sold by the fathom, or a heap of firewood 6! & 6" x 6°, 
The price varies from Rs, 8-8 a fathom to Rs. 3-8. The Burman con- 
siders three to four days cooling qnite enough, and begins anloading them. 
I got very good bricks made by Burmans, but insisted on having larger 
fines, covering the kiln with a foot of earth after being burnt, and as I 
was in a hurry for bricks, opening the kiln 10 days after it had been 
closed. The amount of firewood depends on the quantity that can be 
afforded. Where I made bricks at the Pegu Lock, firewood was Rs. 8-8 
a fathom, and only one fathom for 2,000 bricks could be allowed. The 
Burman kiln averages 80,000 bricks. Stripping the kiln is also a sepa- 
rate item, and carting is very dear. I had to cart bricks not more than 
1,000 feet, and had to pay Rs. 2 per 1,000. 
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The following is how my rates were made up :— 


RS, A. P. 
Ist Year. Per 10,000. 
Moulding, entting and stacking raw bricks, as oe 45 0 90 
Making into kilns of 80,000, ea i Be = 10 9 O 
Barning, ee oe oe ee os ee oe 38 0 0 
Stripping, ve oe es ee oe os ae 100 
Firewood, + ee es a Su oo i 42 8 O 
Paddy husk, .. os es ee oe ee os 6 0 90 
Tools and plant, oe ee os eo ae oe 5 0 0 
lil 8 0 

Allowing for breakage, i runuing away with ad- 
vances, &c., ia ar a ee oe 28 8 O 
140 0 0 
Carting, de “ es ea ae “ ee 20 0 O 
160 0 0 


Total cost per 1,000, Rs. 16. 

In my second year of brickmaking, I had made better friends with the 
Burmans, and had also got my firewood cheaper, and had got the men to 
work differently, and the following were my rates :—~ 





RS. A. P, 

Per 10,000. 

Moulding, cutting, stacking and making into kilns, .. 65 0 0 
Burning, ae oe ve oe ee an os 2 0 0 
Firewood, os os oe Br ee ae es 85 0 Q 
Paddy husk, oe ee es ee es ee oe 2 8 9 
Tools and plant, ws es ‘ie ‘6 si 3.0 0 
107 8 0 

Allowing for breakage, (no advances), .. oe as 12 8 0 
120 0 0 

Carting and stripping, ee oe me ee o 20 0 0 
140 0 O 


Total cost per 1,000, Rs. 14. 
The bricks I made were 12” x 6” X 6”. 
In Rangoon, bricks 10” x 5” x 2” cost Rs, 11 per 1,000 at the 
brichyield. 
The sketches will show the different implements used foreign to India. 
0. G. 8. 
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NOTE ON THE CONSTRUCTION OF THE LARGE 
MASONRY DAM AT KHARAKWASLA, NEAR 
POONA, 


As a record of practical results on a large scale the following may be of 
interest to the readers of the “ Professional Papers ” :— 

In the construction of the large Masonry Dam at Kharakwasla, near 
Poona, in 1869-72, considerable anxiety was caused to the Officers in 
charge of the work by serious discrepancies between the returns of raw 
material received and of mortar used, which it was considered was larger 
than could be accounted for by diminution in bulk in progress of incorpo- 
ration in the grinding mills and by wastage. The following Table gives 
the results of careful experiments imstituted with a view to ascertaining 
the extent to which the dry materials of mortar diminish m the process of 
grinding, 

The gencral result is that the amount of diminution is'13:92 per cent., 
2. ¢., 100 measures of dry material are reduced to 86 08 in the process 
of incorporation. 

It will be observed also from the Table that the mortar, if left on the 
ground for a short time before being used, increases in bulk. If removed 
to the works immediately after grinding a slight diminution in the quan- 
tity, due doubtless to wastage in carryiny, is the result. 

These experiments cleared up the discrepancies above alluded to as it 
appeared that tho difference on the whole work was slightly less even 
than was accounted for by the diminution in grinding. 

The figures are as follows :-— 


58 NOTES ON THE CONSTRUCTION OF THE LARGE MASONRY DAM, ETC. 


cubic feet. 
Masonry work done up to dist March, 1877, .. ee 59,89,813 
Dry materials of mortar used, as per Lime Oversecer’s 
returns, .. i ae o- a as es §=6.29,08,186 
2903138600 
~59898T3 ie 
Now, by the experiments, 100 eubic feet of dry materials became 86-08 
in mortar, hence 29,03,136 cubic feet dry materials will give 2499019-26 
cubic feet mortar. 
Actual percentage of mortar aftcr correction for dimi- 
tion in grinding w=] terns a ayre 
nution in grinding = — —ugays7 ot sa nd 122 
The mortar was not measured by the Overseer on the Dam previous 
to January, 1870, but taking his quantities from that month up to dist 


Marcb, 1872, 23 ycars, 


Percentage of dry materials in work = 


We have— 
Work done, a oe a5 a 3 ae 47 31,547 
Mortar used, ie ei wi eo» 20,038,720 


200873000 


Percentage of mortar in tho work == --~;_.)-y7,07 == 42 34 


The masoury used was uncoursed rnbble, the stone being trap, and the 


line that obtained from the Deecan kankar. 
C; a, M. 
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THE RACK-RAIL SYSTEM APPLIED TO A TRUNK LINE 
OVER THE Sr. GOTTHARD. 


By Masor J, L. L. Morant, R.E., District Engineer, Neilgherries. 


Somp years ago a Company began to make a line over the St. Gotthard 
with a capital of seven-half millions pounds. It wasto pass over the Alpine 
Pass of St. Gotthard, from Lake Lucerne on the Swiss, to Lake Como 
on the Italian side. The following towns were to be connected by the line: — 
Immenser, Schwyz, Altorf, Biasca, Lugano, Chiasso, and Como. The 
line was to be 208 miles long, over a very difficult mountainous country. 
In December, 1876, the Company found that, having expended just four 
millions pounds, the work was not one-halfcompleted. It was ascertained 
that the original estimate would be nearly doubled, the excess over it 
being estimated at 64 millions pounds. The enterprise then came to a 
standstill and threatened to collapse. At this juncture, Herr Thommen, 
Chief Engineer of the railway over the Brenner, published in Vienna a 
pamphlet, in which he recommended the adoption of the Rack-rail System 
at a saving of five millions pounds. In doing so, he stated he had no per- 
sonal nor money interest in the matter, and had long refrained from giving 
the public his views until he felt sure of his ground. He had often ex- 
amined the lines of the Rack-rail System and had observed them at work. 
The results they gave moved him to speak. His advocacy was successful. 
The Swiss and Italian anthoritics coujointly, after giving Mons. Rig- 
genbach’s new locomotive a severe trial, have just decided to adopt the 
Rack-rail System in completing the trunk line over the St, Gotthard.* 


® This is on the authority of a Swiss ne 
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Herr Thommen writes in a calm and dispassionate spirit. His official 
position and the success of his support gives his observations great weight. 
They merit the attention of Indian Engineers. 

The abortive St. Gotthard line was to have had gradients of 1 in 40 
and 1 in 37, and to have been worked by locomotives trusting entirely, 
in the ordinary way, to adhesion. When its monetary crash came, Herr 
Wettli, Locomotive Superintendent of the Ziirich Canton, proposed to 
lessen the cost of completion by introducing grades of 1 in 25 and 1 in 
223, worked by adhesion locomotives. Such gradients exist elsewhere : 
how do they answer? In France, between Enghien and Montmorency, 
there is a short incline 1200 yards long of 1 in 22}; it is approached 
by long stretches of easy gradients : its inconveniences are not insup- 
portable. The Wetliberg line in Switzerland has actually a gradient of 1 
in 143, worked by adhesion locomotives. 1t is a very short line, con- 
structed by Mons. Tobler of Zurich. Up it a locomotive and tender 
weighing 24 tons draw double their own weight: no complaints against 
it are heard. These are short lincs which can hardly help ux in the 
discussion of a line 208 miles long. 

We will turn to others which will better serve our purpose. In Pied- 
mont in Italy, the Giovi Incline crosses the Apennines between Alessan- 
dria and Genoa; its grades are 1 in 282. In the Caucasus, the line be- 
tween Poti and Tiflis, has gradients of one in 224. Each locomotive of 
Mons. Gottschalk draws on trial trips, over the Steigungen between Pon- 
tedecimo and Busella for a length of 62 miles, 180 tons up tuclines vary- 
ing from 1 in 354 te 1 in 284. The steepness of all these grades 
has been found very inconvenient, and has given rise to bitter complaints. 
At length the authorities in all three casos—the Italians, the Russians 
and the Swiss, quite independently of each other—-resolved to roconstruct 
these lines at a large outlay, and to bring their grades down to a maxi- 
mum of 1 in 40. Projects to effect this are in preparation. | 

Nor is the evil confined to thesc steeper grades, The engines of the 
Semmering and Brenner Passes in Austria, weighing 52 and 50 tons 
when dosigned, were cach calculated to draw trains on 64 axles of 230 and 
200 tons weight, respectively. All the working and other expenses were 
estimated on this assumption. Dut practice proved that a single loco- 
motive could not systematically drag trains on 64 axles weighing more 
than 181 and 1474 tons. This was solely due tu the long gradients of 
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1 im 444 and 1 in 40 which extend for,224 and 312 miles, for some 
distance the gradient being only 1 in 663. Herr Thommen (and tho 
greatest possible reliance can obviously be placed on his statement from 
the official position he holds) states, that the locomotive service alone on 
the Brenner Pass, with a continuous gradient of 1 in 40 for a length 
of 82 miles, has been found to be 50 per cent. more than on more level 
lines; and that on gradients of 1 in 25 these expenses are doubled, 
Thus long steep inclines worked by adhesion locomotives, are everywhere 
wholly unproductive, their working expenses exceeding their receipts, the 
deficits being made up by the profits gained by the more level lines be- 
longing to the same Companies which hold the mountain lines. 

From these specific cases Herr Thommen enters upon a few general 
practical considerations. It has been asserted that safety can be insured 
on steep gradients by reduced speed; but in practice this cannet be relied 
upon. The engine drivers are often induced to increase speed beyond 
safe limits, to make up for lost time or for some other reason. Again: 
in the case of two locomotives to one train. Supposing a double train, 
weighing 300 tons, to be drawn by two locomotives cach weighing 50 
tons on any steep gradient, one locomotive will be in front and the other 
in rear of the train. Theoretically the front engine will be always pull- 
ing exactly its half load of 150 tons, and the rear locomotive pushing 
exactly its half load of the same weight. But in practice if is impossible 
always to insure the two locomotives thus working together. For ex- 
ample:-——-When on an up gradient the front locomotive enters a tunnel, 
it immediately loses one-sixth of its ordimary adhesion, and the wheels 
begin to slide, thus throwing @ very much greater weight than ordinary 
on the rear or pushing locomotive: this extra weight crushes the whole 
train, and is apt to lift up off the rails the hghter trucks composing it. 
Or, if they reverse be the case, and the wheels of the pushing locomotive 
lose adhesion, that locomotive falls back anda very much greater weight 
than ordinary is suddenly thrown on the couplings. 

Ierr Thommen now turns to the consideration of the Rack-rail System 
of traversing stecp inclines, and makes some very important chservations. 
This system has the advantage over others, like Agudio’s, Wettli’s, Cc., 
of considerable experience. It has been putto a practical test, andis now 
satisfactorily at work, in many parts of the continent. It has passed ont 
of the region of theory into that of practical use. Very steep mountain 
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lines on this principles (have been economically constructed, and worked 
with as much safety as lines over a flat country. In all the eight places 
where.it has been adopted, it has proved itself as solid, secnre, regular in 
working and as easy to manage as adhesion lines over flat’ countries, and 
to require less to be expended on its repairs. It does not require special 
carriages or wagons, and no accident has as yet occurred on any of its 
lines. It combines security with economy. The Rack-rail System was at 
first somewhat limited in its application; it has since been gradually im- 
proved and extended, and now promises to be universally applicable. No 
one can witness, without admiration, the steady regularity with which the 
toothed-wheel locomotives ascend inclines, nor without greater admira- 
tion how quietly and safely they descend them. How differently adhesion 
locomotives behave. ‘They are seen moving up steep inclines with diffi- 
culty, here the wheels slipping on account of the greasiness of the rails, 
there brought nearly to a standstill and then creeping on again: they 
waver and their progress is irregular. In descending, the locomotives 
are secon running down with an uncomfortable speed, all the brakes 
smoking-hot and still scarcely manageable. A toothed-wheel locomotive 
can be stopped in its descent at a moment’s notice, and neither wind, rain 
nor snow have any appreciable effect on the working of its line; while, 
au contruire, these conditions of the weather greatly affect the adhesion 
of ordinary locomotives, which can never in descending be speedily con- 
trolled. And lastly, Herr Thommen actually asserts, that, the Rack-rail 
System, in spite of the additional cost of its central rack-rail, is mile for 
mile cheaper than the ordinary smooth line system when applied to 
mountains. 

Hence Herr Thommen strongly advocates the application of the Rack- 
rail System to the St. Gotthard line. It alone will drag the Company 
out of its formidable difficulties. The contemplated excess will be reduced 
by more than 5 millions pounds from 6} to 14 millions pounds and, whereas 
by the adhesion system, the dead weight dragged forwards and backwards 
over the 208 miles of the mountain line will be nearly 50 millions of tons, 
by the Rack-rail System it will be only a little over 25 millions of tons. 
He therefore earnestly recommends the application of the Rack-rail Sys- 
tem on a long trunk line of mountain railroad, not at all as a makeshift, 
but as absolutely the best system yet invented. 

y, 1877. 





THR RASK-RAIL SYSTEM APPLIED TO A TRUNK LINER, ETC. bo 


Since writing the above, we have received from Mons. Riggenbach a 
printed extract in German, from the Travelling Journal of a Swiss Engi- 
neer, a translation of portions of which will be of interest. 


(Translations from the Journal). 


On the 29th of September, we began our journcy over the St. Gotthard 
to Lugano, from which we visited Luino. From Lugano we travelled 
throngh Mailand to Genoa, from which we returned home over the 
Simplon. 

As funds are not available for a permanent line through Mount Cenere, 
I beg to suggest the following temporary line between Bellinzona and 
Lugano. The trunk road between these two towns is an excellent one, 
qnite broad enough for a line on the metre gauge. In two or three 
places on its sonthern side the road would have to be altered, as the 
curves are too sharp; and souie expenditure would be needed to reach 
the Railway Station of Lugano. The cost of all this I estimate at 
£4,000. 

The length of the trunk road ir abont 18 miles, and the cost per mile 
of laying rails and providing rolling stock would be about £3,500. Thus, 
the whole cost would be about £50,000. The 13 miles is now traversed 
in 44 hours: the Jocomotive would do it in ]4 hours. This acd taterii 
line could be worked by small locomotives, such as were constructed at 
Aaran for Herr C. Honegger of Riiti, and like those on the Wasseral- 
fingen line, where they have worked very satisfactorily. These eog-wheel 
locomotives would each weigh only 6 tons, and draw ona gradient of 1 
in 20 a train of 30 tons or 120 passengers. The working expenses of 
the railway per train mile would be 1s. 34d. Similar cog- wheel locomo- 
tives, weighing 11 tons, have drawn up gradients of 1 in 20, trains weigh- 
ing from 50 to 60 tons. Cog-wheel locomotives on the mixed system, to 
run over ordinary lines as well as those with the rack-rail, travel at the 
rate of 154 to 18} mules per hour over the smooth rails, and at from 64 
to 74 miles an hour over the rack-rail. On the lines on which they 
have been used, the gradients have been as steep as J in 10, and the radius 
of the curves as sharp as 654 feet. 

After a short stay in Genoa we returned home over the Apennines, 
The railway here has gradients of 1 in 30, with a tunnel 2 miles long, 
throngh which the gradient is 1 in33. The line is admirably constructed, 
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but its working expenses are very heavy. The gigantic locomotives, 
weigh with their tenders 70 tons. Heavy goods trains are drawn by three 
such locomotives, two in front and one behind. Locomotives thus weigh- 
ing no less than 210 tous have to transport goods up a height of over 
1,000 feet in 14 hours. The Directors of this line have been apprised 
of the advantages offered by the Rack-rail system, which could st no 
great cost be applied to their line. They do not see their way to this at 
present, although the Rack-rail system would reduce their working ex- 
penses by 35 or 40 per cent. 

A Rack-rail line with gradients of 1 in 20 has been traced from Fri- 
burg through the Hollenthal to Neustadt. Its Surveys and Estimates 
have been completed, and will be laid before the Baden Parliament during 
the winter. It will in all probability reccive early sanction, as the Minis~ 
ter of Public Works is strongly in its favour, being convinced that the 
Rack-rail syatem is the only one which can be constructed over mountains 
ata moderate cost with a good prospect of paying a dividend. The line 
between Offenburg and Dowaneschingen, which crosses the same moun- 
tains, has been constructed on the usual adhesion plan. It has cost so 
large a sum of money that the Baden Government has resolved to 
undertake through their mountains no other lines on the same system, 
Moreover, its working expenses are so heavy, that in spite of an 
enormous traffic, its receipts barely cover them. The mountain portion of 
this line consists of tunnels and curves which cause the rails and rolling 


stock to wear out with extreme rapidity. 
a. L. L. M. 


14th Decr., 1877, 
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STATISTICS OF NARROW GAUGE RAILWAYS IN 
NORWAY. 


Communicated, with Remarks, by Mason T. F. Downven, R.E., 
A.LC.E. 


Tux Author, in presenting the Statistics of the Norwegian Railways, 
kindly furnished him by the Director, Mr. Carl Pihl, in the exact state 
in which they were received, has abstained from gencral comment on the 
figures, which would make the paper unnecessarily long. The importance 
to be attached to them in support of any particular view will often vary 
with the views of the enquirer, and the Statistician may be content with 
providing figures in the most generally intelligible and acceptable shape 
derived simply from facts. 

Theory and Practice, aided by access to well arranged statistical re- 
cords of working will, when brought to bear in one focus, no doubt soon lead 
to useful conclusions being arrived at by the body of persons interested. 

It remains only to give Mr. Carl Pibl’s sketch of the situation in Nor- 
way, which may be done as nearly as possible in his own words. <A short 
Memorandum of the principles and points to be kept in view in coasi- 
dering the figures of Railway statistics is appended. 

Extracts from Letter of 14th June, 1877. 

“You will find the Tables comprise results of the two 4 ft. 83 in. gauge lines at 
present in operation in Norway, and also those of the Swedish State Railways, work- 
ing pretty much ander the same circumstances as our own. I have put the results 
derived from the four narrow gauge lines (3 ft. 6 in.) side by side, so that com- 
parisons may be made between the different items of expenses in working on both 
the systema. 

“ Norway . * * = is in its character a mountainous 
country with « total area of 122,000 square miles, of which only 3 per cent. is culti- 
vated and arable land, 21 per cent. forests, 76 per cent. mountains, lakes and wastes 
(of which half is above the line of growth of forests). The number of inhabitants 
is anly 1,800,000, of which about 35 per cent. is employed in agriculture and forestry, 


54 per cent, in navigation and fishery. Our country has a large but thinly popu- 
tated area with little power of production ; aud it can therefore, be no promising 
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field for development of railways. Only one or two of our railways have mach 
traffic, the others have a comparatively small traffic, and give little or no surplus, 

“My opinion, based upon the experience of working the railways of the 8 ft. 6 in. 
gauge compared to the others is, that fora small traffic the economy is decidedly 
in favour of the less costly system, where the whole apparatus throaghout is propor- 
tioned with a view to mcet the comparatively limited requirements, and our experience 
on the most busy line on the 3 ft. 6 in. gauge, (Christiania-Drammen,) has given 
rise to no suspicion, that the same good results do not bold good, even after a consider- 
able development of traffic. Yon will, by studying the statistics, perceive, that the 
different items of expenses, where comparison should be drawn, such fur instance 
the muintenance of line, expense for rolling stock and traction, all shows certainly 
quite as goud, and even better, results than on the ordinary gauge. One point, which 
in my opinion, shows favourably is, the better proportion between the dead weight and 
carrying capacity of the carriages and wagons, and also tho adsolute smaller weight 
of the narrow gange stock. With regard to the first, we all know its importance, but 
what seems not to have been so well understood by many, is the comparative ease 
with which this can be attained for any wagon, provided it is made to earry a heavy 
or large weight, as of course the wagon with bat an insignilicant addition in weight 
(from stronger springs and perhaps axles) may be made to carry even twice as winch 
weight in one case as in the other. With regard to the second, or the absolute 
amaller weight of the rolling stock, [ consider this, cspecisily when coupled with a 
limited traffic, to be of equal and even greater importance, when considcring that as 
arole the wagons are bnt seldom loaded to more than 25 to 70 per cent. Tables 
G., H. and 1., are intended to show how this influences the working. 

“ With regard to your special question, as to the relative cost of passenger and goods 
trains at high and low velocity, I can give you no definite or satisfactory answer. Not 
only the goneral profit (Gradients and Curves) of our lines, but alyo eeunomic reasons 
forbid high specds. We run, however, our trains with the same speed on both the 
gauges, but have none of what you would call fast trains. We have no exclusively 
passenger trains but all of them are mixed, er doing more or less service for tho 
goods traffic, but no shifting of goods wagons is allowed in the trains specially ran 
for passengers, The specd they are rnn at varies between 20 and 25 miles an bour 
between stations—special goods trains of course being excepted.” 

Principles and points to be kept in view in considering Ruilivay Statistics. 

The dividend of Railways is made up as follows :— 

(1.)—Receipts — Working Expenses 
“Capital, oad 
This may be further represented by the following— 
CAL. )—( Quantity of Trame » x Biuten) = (Quantity 6 of | Trafic * _Working Expense yo per unit) 
Quantity of ‘Traffic x Capital per unit. 
and the amount will vary therefore as— 
(TII.)—Average Rate — Expenses per unit 
~~ Capital per unit. 

The dividend as regards this fraction will"be greatest when the Denomi- 

nator is least, or when the Capital employed per unit is least (1), when 


the ratcs are highest (2), and when the expenses are least (3) per unit. 
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For a given style of construction the Capital will be least when the 
amount sunk on the whole works is in proportion to the number of units of 
traffic to be accommodated, or conversely, when the line is fully employed. 

The Rates will be highest according to the demand for transport and the 
willingness and ability of the customers to pay. The rates need only be 
reduced in order to attract the full traffic for which the capital provides ; 
beyond that point they may be increased with increased demand, unless 
we are prepared to increase the Capital acconnt. 

To increase rates, however, is to give a check to advancement; it 
could also not be carried out in the face of a healthy competition. 

To increase the capital account without increasing the carrying powers 
in a greater ratio will not tend to increased dividend from quantity of traffic. 

The expenses will be least per unit, when the line complete in every 
respect in all its component parts, has the full traffic for which the capital 
provides. They will decrease per unit as that quantity is gradually at- 
tained, and will increase when that limit is passed. 

As the Dividend will have the first consideration with the investor, he 
will look about for a possible means of increasing it, when his original 
capital is being fully worked. 

By doubling a line we know that we double the capacity without 
doubling the expense of construction, and this in itself must lead to in- 
creased dividend, unless the working expenses are increased; this is not 
the case but the reverse; in fact, by increasing the number of Hines cf 
rails they are diminished, per unit through the so-called fixed charges. 

But before this process is youe throngh, the Capacity of the single line 
may be marvellously increased, ma greater ratio than the Capital Account 
if the original works did not contemplate a maximum but a minimum 
traffic. This may be done by adding to some cf the parts of the Rail- 
way, noteably, the weight of Rail, the quantity and weight of Rolling 
Stock, the Brake power, and the number of block clear lengths of Line. 

Such an arrangement has also this recommendation, that it tends to 
increase the total working expenses in a less mtio than the increase of 
Capacity; and, consequently, to decrease the expense per unit and in- 
crease the dividend from this cause, and also by an increased quantity of 
traffic per unit of capital. The charges for trains and signalling are 
increased, the former by additions to Rolling Stock and Brake repairs, 
the latter by -signal and point arrangements at shorter intervals. A 
slight addition is made to Maintenance expense, and to the General and 
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so-called fixed establishments, apart from the train working; these form- 
ing about half the working expenses, are added to very slightly in pro- 
portion to the number of trains which may be run. 

No doubling of lines is therefore ordinarily likely to take place till 
single ones have been fully developed. The process of increasing the 
power of the single line, tends to increase the Dividends, without a neces- 
sity for increasing the rates; but, it has the advantage also of admitting 
of some redaction of rates, while still leaving some increase of dividend, 

To such a promising state of things, the first consideration is to seek 
a limit; this limit is evidently first, that due to safety in working, for it 
cannot be conceded that dividends are to be increased at more than the 
ordinary risk of life. Moreover, this limit fixes the point when the ex- 
penses begin to rise. A single smash may cost a large sum, not only 
not spent unremuneratively, but tending actually to reduce the carrying 
power and the earnings during the process of repair. 

The over work of a line, for the style of construction and appliances 
available, from whatever cause, produces an excess working expense and 
loss of power in a similar manner, by premature wearing out of the Rails, 
Tyres, &c., which it would have been cheaper to have made more durable 
by a slight addition to the capital cost; the limit to the wear, prescribed 
by the repairs not costing more than the interest on the capital, is evi- 
dently to be kept in view. 

Again, by increasing the number of crossing places and shortening the 
Block clear lengths of a single line, the through speed is ultimately con- 
siderably reduced, and a limit is imposed in this direction, largely affecting 
the capacity of the line in ton-mileage per hour, and increasing the cost per 
unit. 

The Board of Trade Returns, however, give ample evidence of a large 


development on English Railways. 
Cost per 


Miles ain- mule single Train mil Weight i 
ploline Cost & line ot Train miles rn betas aa 
Actuate pe 14,156 286,068,794 0,400 82,978,763 5,880 150 tons. 160 
© > 21875 25,556 630,223,404 24,600 209,628,186 8,190 240 ,, 22-5 
« RYT dn 4 100 ene 100 was 100 100 100 
Ratio, jis7s 181 os 12} io 189 160 ,, 148 


The only figure assumed is the weight of trains,* which has increased 
(probably regularly) to about four times what it was in 1840, namely, 63 


tons on the average. 
© The total vaporleation of engines per hour has increased four-fold elnce Pambeur conducted 
lis experiments iu 1840, 
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The ratio of increased capacity is represented by the train mileage per 


‘ ‘ . 100 i 
mile x by weight of trains, or —~ x a or soe : thus, while the cost of 


139 
the single line has only increased 21 per cent., the capacity has increased 


by 122 per cent, 

Also the working expenses and receipts per train mile have remained 
almost constant, while the weight of trains has increased 60 per cent., 
showing a reduction to about that extent in the working expenses and 
rates per unit. While a greater speed has been maintained and a larger 
number of trains run; in other words, a better service has been afforded, 

What has been stated will show how profitable Railway enterprise must 
be, especially with an established monopoly ; how possible it is to introduce 
it in a comparatively cheap manner and develop it as trade and traffic in- 
crease ; how trade and traffic may be themselves increased by timely liber- 
ality in reductions of rates; while judicious management may at the same 
time secure some increase of dividend for the Railway. 


It will thus now be observed, that it is difficult to compare the working of 
Railways unless the above principal considerations are all borne in mind. 

Also in order to convey a comprehensive idea of the effect of the 
Railways compared ; it is desirable that statistical figures relating to coat, 
traffic, and working expenses per mile, &c., and the gradients, speed, &c., 
shonld all appear in as close juxta-position as possible, so that dissimi- 
larity of conditions may at once be recognised, and the value of the dif- 
ferences estimated if possible. : 

The net result of the whole working summed up in the ‘ Dividend,’ is 
however, what chiefly interests the investor, and as long as the dividend 
is a good one, few questions are likely to be asked. 

But the State, or the Country generally, cannot be said to be so much 
interested in seeing railway dividends high, as in possessing an ample and 
cheap system of communication ; its Railway Officers are charged with 
the important duty of ascertaining how this can best be done. 

The English Railway system affords very little statistical information 
regarding the working. Questions affecting constructive details have mostly 
excluded the question of gauge, owing to the necessity for uniformity in 
that respect. 

An experiment is being tried in many countries, for introducing a 
cheaper class of Railway to suit a small traffic by a contraction of the 
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gauge, and any evidence that may be forthcoming on the relative econo-- 
mical value of the measure, cannot but be highly interesting and valuable. 

But it has been attempted to he shown, in the foregoing slight sketch, 
of the influences that affect the construction and working of all Railways, 
whatever the gauge may be, what a very careful analysis of the causes which 
affect the figures appearing in a statistical enquiry is necessary, and con- 
sequently how difficultit must bein practise to establish, by that method alone 
a claim to superivrity in regard to cost and performance, (which must be 
considered together), for any particular gauge or style of construction, 
unless the entire similarity of the conditions in other respects prevents 
a difference being assigned to any other cause. 

It has been shown that the net useful result, is influenced by the 
Receipts, Expenses, the Capital, its Mode of Expenditure, and the Quantity 
of Traffic. It will be further influenced by the location of the Railway. 

For the local Receipts will be in proportion to the density of popula- 
tion, and the power and the willingness of the people to pay, and the 
throngh receipts per mile will be in proportion to the length of the Rail- 
way and importance of the trade and trafiic accommodated, 

The Capital Outlay will be in proportion to the flatness or hilly nature 
of the country. The longer the linc, the greater the number and size 
of the obstacles, in the way of rivers and hills, it is likely to have to 
traverse, and on this account trunk lines are usually more expensive per 
mile to construct than secondary, and secondary than short branch lines: 
Railways constructed in the bills are more expensive than in the plains 
per mile, and so on. 

The Expenses, per unit, will be less on level lines than on undulating ones, 
and on Jong than short, also less in rural districts, where wages are low 
than in highly developed districts, producing the more valuable articles 
of trade, and in the neighbourhood of towns. 

Now these facts clearly show that it is possible to adapt Railway 
Construction to suit the requirements of the financial situation and the 
probable traffic, within a very wide margin, to produce a given dividend 
without reference to the question of gauge. 


In dealing with the Statistics of Railways, therefore, it is better to 
afford the fullest information on all the points referred, to in the above 
reduced to its simplest form. 

At starting, the consideration of a standard unit of useful work done 
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has to be determined on. The absolute measure of the total work done, 
could only be made by reducing everything to the mechanical equivalent 
of weight raised through space, as the ton raised one foot high; this 
could no doubt be done as regards all the operations connected with the 
weights moved. ) 

But a more convenient and practical measnre of the useful work on 
Railways is that of weight moved over distance, as the ton over a mile. 

This measure has an advantage over the train mile unit, which applies 
only in some cases, and is liable to be used when not suitable, as in the 
division of expense between passengers and goods on the same railway. 

With a careful record of the gross ton mileage, the useful work done, 
measured in gross load moved over space in a unit of time can be ascer- 
tained. Only by some such method can account be taken of the power 
expended and the cost of it, under the different conditions of working 
trains on the same, or different lines of rails. 

The cost of the useful or prying work, will thus evidently not depend 
only on the distance run or weight moved, irrespective of time, but on 
the whole power expended and the cost of it in a unit of time. 

The paying work or freight moved a mile will seldom form a fixed 
proportion of the total or gross weight moved a mile. No more impor- 
tance is to be attached to the absolute, or average propertion of freight 
to gross loads than to all the other considerations effecting the working ; 
the former must be teste] by the expeuse per unit, and the latter 
by the empty hanlage and traffic exigencies for augmenting the total 
receipts wherever they may offer. 

The speed is as much an element of cconomical working as the load, 
and the maximum effect is only to be got by a consideration of both. 
An increase of one gencrally leads to a decrease in the other on the samo 
Railway; there is a point when the greatest ton-mi/eage is being per- 
formed.” 

The gross ton mile sufficiently nearly represents the unit of mechani- 
cal power expended in doing useful work irrespective of the modo of 
working, to which fixed constants can be applied for the effects of gravity 
on different lines, and for the different speeds employed on the same 
line, in order to represent the cost, these constants could be calculated with 
Mathematical exactness once for all for every Railway or district of it. 


* It appears that the superior avernge speed available om the 4! 8g gauge in Norway tw not em- 


ployed, 
uu 
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TABLE A. 


Data For Construcrion. 
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yard, ee ae *e 60 &72) 62 37 37 &41 40 40 
Ruling or steepest gradient 
“up” Une, es eo 500 go | #9 do | Fo 
Corresponding resistance in . 
fBs., per ton, x «. | 660 21:2 86°0 63:3 47-3 | 88-0 
Tractive power per each ton 
weight of driving wheel 
pressure, .. ee 30 we | «5G |) TO 104 | 59 79 | 98 
Proportion, «. ee 0°95 2°98 17 100) 5 134 | 1:66 
Ruling or steepest gradient 
down” line, oe ako ay Ps oy a 
Corresponding resistance in 
tbs, per ton, os ws | 47°8 19-0 42-0 | 50-7 89'9 | 42-0 
Tractive power per each ton 
weight of driving wheel 
pressure, «+ os es | 79 197 8-0) T4 9°4 §‘9 
Proportion, « i 1-07 2-66 120} 1-00 124 | 1-20 
Differerce in level between | 
terminal stations, ». ‘ 3°96 87 $12 | 161 444 0 
Height of summit or ascent 
from the lowest terminus, 687 156 459 | 408 634 435 
Cost of constraction per mile 
of line, .. oe & 111,269) 6,072 2,595 | 5,330 4,857 | 7,668 
Opened for traffic, .. { 4°54} $762; 1h 62, | $64 44 66, [yy °72 
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a ba a 53 + a 
eee Q re I g 
vo 2€ | vitlestrom. E : oe BE | tamer. | 28 
23  |Grandsen E d Eg See | Aamt | ES 
fa be wm 
5 me ke EI 
Lee ene cet ne eR RT ee PL eee Re Ne Res Dee, |e 
of miles opened for traffic, ee | 42-0 756 | B29 89:6 41-3 | 30°1 
‘onstruction, per mile of linc, .. £} 11749 6453 7177 4295 2809 §437 
of train miles, -. «ewe 188,641-3,199,602-91168,793-11191,224-7/ 62,6913 | 45,570 
» oy pertmile of lines. ve 3301 | 2640 | 51303 | 21353} 1518 | 1514 
yy» Passengers carried, or ae | 330,228 | 165,696 | 608,646 | 325,789 | 115,424 | 130,047 
- » miles, per mile of line, | 136,506 | 57,217 | 248,472 | 59,981 | 39,282 | 57,998 
yy goods ton miles, per mile of fine, | 149,154 | 105.259 | 45,629 | 88,043 | 14,604 | 22,593 
» ogo: CEN Mile, .. 45:2 39°9 8-9 17.3 96 14:9 
of passenger and goods ton miles * 
rain mile, oe oe es os 53-0 45°3 13:3 211 12:1 17'8 
ad, including engines, wagons, and 
ages, train mile, +. ae oe 2136 | 168°8 800 83°5 62°8 84°6 
Receipts. 
pr reccipta, per mile of line, oo £) 4578 1 1718 723°1 67-7 | 1103 | 151 
| ra » train mile, ie 2°8 1:3 23 157 145 2°00 
‘ccipts per mile of line, ..  .. &) 11649 | 3735 | 3751 | 2107 | 1433 | 198-0 
” » train mile, on ae 8 69 28 1d 1:97 189 2°62 
‘AL RECEIPTS per mile of line,.. £; 17087 | 5555 | T1274 } 4008 2606 | 3859-0 
m y» train mile, .. 6] 104 4-2 44 37 343 4:74 
Expenses. 
acnt and offices, per mile of line, £) 49-0 169 as 219 179 22'1 
mn 9 9 trdinmile, «2 8} O80 | O13 | O18 | O20 | O24 | ORD 
xpenses, per mile of line,.» ee £ 2331 85°8 220°7 77:2 69°6 601 
) » train mile, .. oe &t ©6440 0°65 O77 0°72 0°92 079 
lve Department, per mile of line, £| 2722 | 1098 | 2321 | 81:0 | 537 | 766 
8? b | train mile, ae &. 160 083 0°90 O76 O71 VOL 
artment, per mile of line, ... £) 50-4 44-0) 73-4 28°4 9-1 oot 
” » train mile, we S|) (OSL 0-34 0-29 0:27 Q'12 Or2e 
¢ of line, fences and bridges, ger 
inp ee ce ng ee | 2567 | 179 | 1305 | 832 | 584 | IL 
r , 
ile, " oe ‘ os a s.{ 1:60 0°89 51 0-78 0-77 1-4" 
6 Of buildings, station yards, tele- 
er mile of tie, ibaa ee ce 1177 ! avy | pry | 200 | 1290 | 13t 
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TABLE B. 
Trarric Resuurs. 
Extract of the Traffic Returns for 1875. 
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TABLE B.—{ Continued). 
Trarric Resuiys. 


Extract of the Traffie Returns for 1875.—(Continued). 
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Maintenance of buildings, station yards, tele- 


graph, per train mile, +6 ss we e072 j=] U'36 020 O19 O17 0: 


area | F 


vee expenses, per mile of ne, .. oo £) 3107 SEL O33 4y-4 10-7 7 
» train mele, ee cR * AGS OBS re O39 | Mi 14 (): 

" TorAaL EXPENSES, per mile of lines .. £1 WOS03 | 473-2 Bt7-0 Ob] | 2 pea aig | ol 

3 is 1, Crain mile, 4. 8) O60 Bos 3°30 B31 B06 4° 

SURPLUS, per mile of line, s. oe oe £ ee 4 K2 33 2Str4 47°7 . 2384 4{ 
ogy Mtn le, nee 062 au gag | aT 0 

PA in per cent, of invested capital, os Yo 5: 517 1-357 J 663 110g | OUT "i 
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eS oy a es 


Average Passenger fares, per mele, farthings,) 3°22 288 2°85 2°68 2°69 2" 

. | ‘3 Goods rates, per tun mile, es Tal vob 789 Hl 40 8 
| is Receipts, per gress, Cor mile, . aot is 2-64 2b 262 oly 
” Expenses, . sd, hy 149 ry? 193 190 2b - 





* Lieduced frum the tyares abeve.—T, I, D, 
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Trarrio Resvuuts. 


TABLE C. 


Average for the Quinguinium 1871-75. 
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: <3 
Bg ae E z m4 
Sa | Ag | a 
Numbor of miles opened for ‘eam: es a 42-0 fa. ac acne ae ea aie aa 805°0 | 89:9 
» 9, locomotive miles, per mile of line, | 5172 | 2624 | 3396 | 1456 
» 9 tain miles Se la Ape ee 2570 | o2b 1312 
» yy carriages and wagons miles, per mile | 7 | : 
of ling, .. ee - +6) 64,958 | 40,469 | 50,322 [10,564 
» oy CAITiages and wagongy, per train mile,) 202 | lo ? 150 79 
Net load of goods per mile of line, ton miles, [145,061 84,417 is 75S J 11,846 
Proportion, ..| 1225 | 7-13 | 8°50 1:00 
Net load of goods and passenger per mile a 
line, ton miles, ‘a ie - 168,612 | 88,292 (110,812 434,191 
* Proportion, 4.) 1082 | Gee 4 ‘8 1-06 
Gross load, including engines and wagons, ton | 
miles, per mile of line, re ae +. 640, 430 850,425 512,501 70,384 
Proportion, .. 11 | 5:07 | 729 | 1-00 
Gross load, including engines and wagons, ton, 
iniles, per train mile, .. ee — of 199 139 157 Bd 
Proportion, —. 370 | 257 | 291 1:00 
Net load in per cont. of gross load, .. Ogi 23:99 | 94-25 | 21-00) [20°20 
Proportion, 4.4 158 1:63 | 142 1°38 
Eilect of one pound of coal in ton miles, ..) 048 { 081 - 0 40 
Proportion, «| Val | 238 ae 118 
Receipts, 
Passengers’ receipts, per mile of line, .. £} 860 CS 93 
r’ roportion, «| BOY 151 35S 1:00 
Goods’ reecipts, per mile of line, see £1 10GL | 302 430 121 
Proportion, ..{ S74 2°49) Jl 100 
TOTAL RECEIPTS, per mile of line, £| 1539 | 454 788 223 
Proportion, .-| G01 2°04 | 354 1-00 
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TABLE C.—(Continued). 


Taarrio Resuits.—( Continued ). 

















4’ 84’ Gavan 3’ 6° GAUGE 
as By ae a ct 43 
3 a m1 eS ~~ ; 
el ael di | ae] ag| He 
fe | £2 | £2 | 28 | 28 | £2 | dee 
a | Bi | mg E Eg BES 
ELxpenses—(Continucd), | 
anagement and offices, per mileof linc,.. £| 47 1G 12 15 19 20 40 


Proportion, oe yy | BOL | 121 | 1:00 | 129 | 135 | 164 | BB 
50 59 185 
100 | 117 | 863 
Gh 61 188 
156 | 146 | 4°50 
0-87 | O66 | O76 
155 | 100 | 135 
is | 20 | so 
144 | 200 | 489 
0-021 | 0-020 | 0-022 
L4l | 165 


Station expenses, per mile of line, .. «- &} 186 67 110 52 
Proportion, a 369 | 1384 | 219 F 14 
Locomotive Department, per mile of line,.. £] 225 108 135 49 
Proportwn, HB | 258 | B24 F100 
per mile of lince,,. £} 140 | O83 | O-70 | O64 
150 | 147 f 114 


Wagon Department, per mile of line, .. £| 58 42 35 10 


Proportion, es 251 
Proportion, 4. G62 {| 410 | 345 § 1:00 
i is per wagon mile, os 8) OO17 | U'021 | OOL11 | 0-020 


Proportion, —«. 130 | 1:53 | 1:00 4 1-41 


Maintenance of line and bridges, per mile 


of line, oe e oe o- oe LL B14 100 120 43 


231 ; 278 § 1:00 
B87 440 189 

2:04 | 233 | 1-00 
301 | 268 | 2°99 
122; 108 f Vl? 


89 7 106 
206 | 165 | 2°45 
256 261 673 
135 | 198 | 356 
B40 | 2°47 | 2:70 
138 | 100 | 110 


Proportion, Sie 4°96 

TOTAL EXPENSES, per mile of linc, £| 886 
Proportion, ae 4°68 

PA er per train mile, 8.) 5°51 


Proportion, — as 2:24 


i se per gross fon 
mile, es an ae oe 


0-046 | 0-032 | 0°037 
29 | 20 | 28 
893 | 796 | 683 

6830 | 4,357 | 7,568 


O57 | 164 | 4:36 


0°02] | 0-017 | 0-085 
1-4 10 34 


| 0°027 


Se 


Proportion, .. 17 
EXPENSES in per cent, of receipts, oe Uo S76 | 852 | 558 | B48 
COST OF CONSTRUCTION, per mile of linc, #£/| 11269 | 6092 | 7792 | 2995 


SUBPLUS in per cent. of invested capital, Jo 5°8 110 | 423 § 1:18 
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TABLE G. 
Wercar of Wagon compared to the load carried with present material on the Norwegian State Railways on the 
4’ 84” (i), and the 8’ 6’-gange (ii), respectively. 

















COVERED WaAGORS LOW-SIDED WAGONS | TIMBER AND PLANK WAGONS 
* il * 

xt we a + {4} = 4 42 < 
5 2 | s | BB] 3 2 | 2 | 2 [ 3 4 | 2 | 38 
Ee 3) bo ~€8 "3 5 es <8 = a a 3% 

, 3 F 9 3 S E no ES % we 
wt oa E i f= %) to 
5 & 63 5 8 bs eg : a ig gs 
2 3 = 3 Ej 3 3 a3 % 3 3 54 

f=) fo) 2 fa] co) 2 o ° 3 

E pe ra e Ee pt & i E a = Ee 











Tons, Tons. | Tons, Tons. | Tons, | Tons. Tons. | Tons. | Tons, 
(i) Swedish material, 57 75 132; 1:18 4:8 84 13-2 |} 1:1:8 4:6 10°5 151 1 1:23 
(ii) Narrow-gange 
material, .. 37 70 107 | 1:1°89 aed 70 10:24 | 1: 2:16 8:5 70 105 | 1;2:0 
i 





The Locomotive weight (on the driving wheels) on Christiania, Drammen, Randsfjord is 12-85 and 8:0 tons, res- 
pectively, for the Larger and Smaller class of engines. The Broad-gauge wagons thus weigh in part as much, and in 
part even 2°36 tons more, than our largest engines, and 7-1 tons more than the smaller ones, and can therefore not be 
used on our Narrow-gauge lines unless with heavier rails than hitherto, and are impossible for rails of 30 to 35 tbs. per 
yard, with the small engines for minimum traffic. 

® The weefal work proportion in a unit of time, per wagon, would be altered by using the higher average speed available on (i) the 4' 84° gauge,—T.¥.D, 
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Comparative weight of Engine required to draw a certain Passenger 
Train up 1 in 70 on the 3’ 6"- and 4’ 84”-gauge, respectively. 
TABLE H. 


Sse EEE DLT EEE LCD LE EE ELE ELLE LIEE LTE GEL I OE SET TEE TREES ASE STASI DSTA ECA OIC ENE TEES DEIR tracer 











Bo OB -ransrre 4' 84"-gauge 
Material: Norwegian Narrow-gauge pattern Material : Mnglish Pattern 

4 Composites and 46 tons, 18'4 tons 4 Composites, ..- wo» 22°4 tons, 
8 2nd Class and38 ,,... 304 ,, 4 2nd Class, na ae 216 4, 
1 Breakyan, are Se A as 4 3rd_s,, ae eo 212 ,, 

250 Passengers, cis deur BTS os 1 Breakvan, ae oe DS 
Luggage, &c., aa gir OU) 250 Passenycrs, ... ee ISR ,, 
Luggage, &e., bey » 200 ,, 
Fay ay 91-45 ,, 





Supposing, therefore, this train of 73°36 tons on the Narrow-gauge 
requires an engine of the standard type on the Christiania, Drammen, 
Randsfjord line, with a driving wheel pressure of 12:4 tons (total 17 
tons), an engine of 16-3 tons on the drivers, say (21-6 total) might be 
necessary for the 91-45 tons train on the Broad-gauge, or an engine 24 
to 25 per cent. heavier.* 





Cowrarativa weight of engine required to draw a certain Goods’ train 
up 1 in 70 on the 3’ 6"- and 4’ 84’-gange, respectively. 
TABLE JT. 


[CECA NE PETES em pe POR AIEEE EE EISELE EI EOS LEE TET AE LET REBEL LES AOTC CIE A LIE ITE DEE LE TEE LEE LD IDOE LE NEOTEL EDE ITE LE LODE NE SEL E LEE IED 
Christiania . mai 
Dramen, Kidevold 4’ adr. {Swedish rea ag 
Ranilsfjord, gauge. Rolling Roitin 4 stoele "of 
3 ob” pruwpre stock of English Garoinn Pattern 
Pattern 


an ee ea eatneeensediemnemetemammemnemedl 





Average weight of wagon, a --| 34 tons, 44 tons, 4°5 tons, 
” loading capacity, ie se <BBS. sy 5°9 =: Tl 
Bum, «-/ 9O 4» 103, 6, 


 cetaltipeneeeneticammetmenesiaed 








nets | ean 








Tons. } Tons, | Tons, | Tons. |} Tons. { Tons. 
Nett lord per wagon, «. oe eof 30 4°5 3-0 4-5 30 4°5 




















45 for 15 wajrons,.. ae «.| 46°0 | GTS 1 450] 675 | 43° 
Wagon weight for 16 wagons, .. o-{ SLO] SLO 660 | 66:0 | 67: 




















Sum, «.-| S60 {1185 JII10 | I8S5 | 112-5 | 135-0 




















Driving whecl pressure for the above 











nained train, .- ee os «-| 13:33, 16°46} 15-42} 18°54 1562) 18 75 
Weight for the leading wheels, .. we] 444) B49 618; G21] 625 
Weight of locomotive, ... ws eof AVTT) 21°95 56) 24-72. 20°83) 25°0 


Cd 





* For what greater percentage of speed not stated. —T.F.D. 

















84 STATISTICS OF NARROW GAUGE RAILWAYS IN NORWAY. 
Narrow Gavag Raitways—1877, 
TABLE K. 
AAS 
iil i 
Gauge §3 i 2 | Total 
Where located OC a 
Feet Milea {| Miles | Miles 
Norway, .- as es es .* ve Bre 3” 6° Gis; .. 618 
Sweden, .. eu en a es oe jo” O37 7% 78 oe ee 
ae be. as a ete 3° 0" 179 ; sa 
39 we ee oe ee ne ee 3 6—3 4 rid 313 oe ow 
ae or ne — .. | 84 140") ae TOS 
Belgiam, Ghent, Antwerp, at i aie vie 31 ee 31 
Germany, Broclthalbuhn, ahs os : 2° 6” 14 a 14 
Switzerland, eg or es me . {| 3 3° Ci mte.) G7 RI 148 
Isle of Man, Tallylyn, .. axa a : 2a. 8 | ‘ 8 
Wales, Festiniog, = = ae whe he ee 14 ae 14 
Dinoswick, oe oe es sy phe ie lad os ee = 
France, Tavaux, Pontser’s Court, oa ‘ 2 8" (1 mte.) 3 ae a 
Commentris, Monthicon, i 3 "3° C1 mte.) 20 = wa 
Thendalzac, Salles la Source, .- a 3 3° (1 mte.) 4 ae 58 
Sardinia, $8. Leoni, =e ee ae ax or ge 9 oe oe 
Montessoris, .. os we -» | 3' 3° (1 mte.) 9 «e 18 
Russia, Livny, .. a oo os as 3’ 6” 35 | oe ed 
Tchndosa, Novgorod, ne a 3' 6” 46 we a 
Jarosias, Woloyd, ea ie a 36" 130 af 211 
British Possessions, Queensland, es e. 3’ 6" 518 ay _ 
South Australia, es hs ee 170 re = 
West Australia, a 3’ 6” 34 {| 119 a 
Cape of Good Hope, .. 3’ 6" 124 os a 
39 ee 2’ 6” 93 oe me 
Natal, ie ee oe 3’ 6" 118 ne sa 
New Zealand, .. “ns 2’ 6” 1,174 i ot 
Tasmania, aa oe aa a 12) ay a5 
East India, oe «+ (8° 3° (1 mte.y| 739 | 1,967 7 
” ” os * ae 0” 27 - “a 
Canada, .. ve o. 8” 6° 1,066) ., 5,820 
United States of North America, ee + | 3” 0°38" 6" | 2,873 | 7,961 | 10,824 
Argentin Republic, as ac a weiss O mite. )1 1,598 | 2,159 | 3,757 
Chili, Tongry, ee ee oe eo ee 8’ 6 we ie es 
Pern, oe ee ws os ae ar 3” 6” sie is oe 
Brazil, - we we ee ae o. 13°38" (1 mte)}| 141 ws 141 
Japan, ve 6s oe o¢ ee ee §’ 6” 140 528 668 
Java, om ee 7 oe ve as 3’ G” S36]. 86 
Higypt, Sudan, .. ve ee oe oe 3' 6” 652]... 552 
Ree Oi acco ~ | 10,816/12,805 | 28,121 
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No. CCULXI. 


ore een ae tree 


DISTRIBUTARY VELOCITY AND DISCHARGE TABLES 
FOR SIDE SLOPES OF 1 TO 3. 


Computed for the N. W. PB. Irrigation Department, under superintendence 
of Cart. ALAN Cunninouam, REL, Hony. Fell. of King’s Coll. Lon. 


Lee althidienahaniamaemneemeand 


Tuese Tables have been computed from the following data and formule :— 
Data~— 

Channel, carthen. A = \rea in square feet. 

Section, trapezoidal, ; R = Hvdraulic Mean Depth in feet. 

Side-slopes of 1 to 2, ie, LUT mal. V == Mean Velocity im feet per second. 
: 2 vertical. D = Discharge tn enbic feet per second. 

$ == bed-width in fert. aes ; pra 

d == depth of water in fect. C = Cocflicient in formula V = C,/KI. 


*== fall of channel in 5,000 feet in Seer. 
Formule used in computation. 


A 
A=z=(b4+%)\d; R= -; 


= / 00008533 + 


The formula for V is modified (to a form suited for computation) from one given 
in the “ Professional Pupers on Indian Engineering”, [First Series}, No. CKCVIL, 
{by the late Lieut.-Colonel J. C. Anderson, R.E.), 4th type of Table L, 

5 ( 2438 + 
as suitable far channels whose “ Bed and Sides areof earth.” This formula is simply 
adapted to English measures from that given by M. Bazin in his “ Recherches Expe- 
rimentales sur |’ écoulement de lean dans les canaux découverta.”” 

The Coefficient C (which forms the last column of the Tables) is simply the 


1 pNeaan 
square root of the reciprocal of 00035 (2438 + r ).80 that 0 = C. ./ RI, whence 
also 

V = ( 


[These Table have been prepared throughout by two* independent computers. 
The numbers in the columns of “ Arcas” are exact. The vumbers in the columns of 
R, V, D, C were in every case computed to at least one, and sometimes threo, more 
decimals than are now printed ; and the first differences were examined by the Author 
himself, , 

From the regularity of these differcnces, it is believed that the last figure does not 
err by more than 2 in apy column. A. C. 

| * Mr. A. Halland Babu Hari Singh. 
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Note by Major W. Jeffreys, Bus 


are divided as to the pitch with which the inner slopes of 
Distributaries should be made. In the Punjab a slope of 14 to 1 is 
adopted, while in North West Provinces 1 to 1 is preferred, chiefly for 
economical reasons. For very light soils, the former of these is of course 
the stronger construction, but an officer of irrigation experience is able to 
distinguish between a rajbaha newly made, and one that has settled down 
into an irrigating line. Whatever slope is adupted in construction, it is 
found that this cannot be advantageously maintained after the channel 
has been in use for some time. A distributary at the close of an irriga- 
ting season invariably assumes the following shape, except when the soil 
is impregnated with rek. When the time fur clearance comes round, the 
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Engineer in charge, if he is wise, will not attempt to restore the original 
section which is opposed to the form that nature adopts. It is only waste 
of money to dig away the long slopes which are soon re covered with silt, 
While in theory it does not afford a maximum hydraulic depth which is is 
the great object to attain in channels with low velocities. The custom 
on Ganges Canal Distributarics is to trim off the slope at 4 to 1, as 
shown by thick dotted lines ah, cd, in the figure; and this in practice is 
found to conform more closely to the average working section than any 
other. To arrive then approximately at any thing like tho working re- 
sults, the discharge tables employed by the rajbaha designer should be 
based on these conditions. 

The foregoing is intended to explain the reason for introducing the 
present set of Tables. 

W. Jd. 
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No. CCLXIT. 
THE GREAT CIRCLE TRACK. 
By Cart. H. Witpervorce Crarxe, RAE, 


In works on Spherical Trigonometry, it is proved that the arc of a* 

Fig. 1. Great Circle passing through any two 
points is shorter than any other are) 
passing through the same two points, 
on the same sphere, 

This being the case, the shortest dis- 
tance between any two places A, DB on 
the surface of the earth is the are of 
the Great Circle intercepted between 
them. 

Hence, the are of a Great Circle is 
the course which one ought to pursue, 
whether travelling on the Occan, on the Railway, or on the Road, 





fig. 2. unless other considerations, 
—such as currents, winds, 
rocks or towns, rivers,— 
render it expedient to dgvi- 
ate from it. 

Unless one is moving 
due North, South, East or 
West, the course of the 
Great Circle is one which 
constantly changes its direc- 
tion, with regard to the 
meridian. Thus in Fig. 2. 
The arc, WK, of a Great 


"A Great Circle ia the circle dexeribed on the surface of a sphere, by a plane Seer 
through the centre of the 
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Circle, between two places W and K, cuts the meridians PaP,, PéP,, 
PcP,, successively at an angle, ever varying. 

The labour involved in discovering the angle at which the are of 
the Great Circle cuts the meridians successively, was, and is still, one of 
the chief reasons why this course is not pursued, when circumstances are 
favourable to it. 

It is manifest, however, that a table or a chart embracing every varia- 
tion might be made, by reference to which, the angle could, at once, be 
learned. 

This has been done by Mr. Hugh Godfray, in his Chart for facilitat- 
ing Great-Circle-Sailing. 

The method which is pursued is as follows :— 

At the South Pole,—for there, there is the largest expanse of water, 
—suppose a plane to be dropped touching the pole, and perpendicular 
to the axis of the earth: the parallels of latitude will then, if the eye be 
supposed at the earth’s centre, be projected, on this plane, in circles, while 
s great circle will, every where, be a straight line. 

This projection is callec Gnomonic; it, evidently, suffers great distor- 
tion a few degrees distant from the pole. | 

Fig. (1) represents the parallels of latitude thus projected. Suppose 
B, C, to be two places on the earth’s surface, projected on this plane ; 
join BC; then the straight line BC is the Great Circle track between the 
two places. It will be observed, from an inspection of Fig. 1, that the 
latitude of Bis 15° whilo the highest latitude reached by the straight 
line is 60° at N. 

Draw the dotted lines NP, BP; then is BNP the projection, on the 
plage, of the spherical triangle, on the surface of the carth. 

Since, NP and BP are straight lines, on this plane, they are ares of 
Great Circles, on the sphere. 

Hence, in the spherical triangle (of which BNP is the projection) 
right-angled at N we have :— 

Supposing ¢ =: latitude of B 
y =: latitude of N 
§ = NBP = direction of course BC to the* meridian 

passing through B. 


? 


7? 


* The meridian of a place ig the Great Circle passing throngh the Zenith of the place and the 
pole of the earth. 


- 
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By Napier’s Rules, 
sin NP = cos > — 6, COs > — BP = sin é. sin BP 
sin 90 — y == sinO.sin 90 — 9 = sin @. cos ¢ 
2. sin @ = ry sobs Pads naceodueeeietenear Oy, 
from which 6 may be determined. 

It will be noticed that y will remain unchanged. The value of @ depend- 
ing on the value of g as the ship B approaches N, coincides with N, or 
moves towards C. 

Let in Fig 3, P be the pole; A, B any two places on the Great Circle 

Fig. 3. Track, A having the highest latitude 1. 
Pp Let PA = gy -y 
Let AB = d miles = “ degrees. 
Then, in the right-angled triangle PAB, we 





have:— 
: Ce\ sin AB = tan PA. tan = — @ = caty . cot 0 
8 “. 61D < = COL PY. COL Ds. crerreeee (2). 
This gives the connexion between the distance (from the highest 
fig. 4. latitude at A) and the course @. 
‘i : Thus, in Fig. 4, draw AB ver- 
, ‘ tically and N,K, perpendicularly 
50° N; it : 
‘\ to AB; then, if N,K, be drawn 
43° Ny where the highost latitude is 50° 
and we assume 4 to have a value 
oa NS “Xs sof 5. points, we obtain a value for 
‘, NK. Similarly, values of NK, ; 
N,K,; &c., may be obtained, 
oN, A Line through these points 
eed gives the curve for the course 6. 
Let in Fig. 5, P be the polo; A, B two places on Great Circle Track, 
Fig. 5, of which A has the highest latitude y. 
p Let PA = 99 y 


Let PB = 30 —"¢ 
Let AB = (n) miles = = 


Then sin 90 2 PB = cosPA. cos AB = sin 
2 


60 


degrees. 


e y . cos 


ov. COS —- == sin p . cosec fo... (3). 


60 
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Equation (3) determines the distance, at which the “Latitude curve ” 
Fig. 6. g crosses the horizontal line ¥. 
Thus, in Fag, 6, draw AB, ver- 
tically ; and N,K, perpendicularly 
to it. 
Suppose y = 50° and g = 80. 
Then N,K, will be determined 
by eqnation 3 and K, will be o 
point in the latitude curve. 
By giving different values to 
ihe curve can be traced out. 
The curves should be worked 
out for every degree. 


Thus, highest Jatitude ~ = 90°; and lowest latitude 6 = 20°, 
at ”? ’% Wy = 90° ”y ” Q == 21°, 
” ” "1 b= 90° i ‘3 ¢= 22°, 


aud s0 on, 

The Diagram is constructed by applying Fig. 6 to Fig. 4. 

Then, supposing the highest latitude y to be 50° and lowest latitude 
(or that of the position of the ship) to be 80°. 

The line KN, will represent the course in direction and length of the 
ship. 

And Fig. 6 being applied to Fig. 4, this lme K,N, will cut successively 
the lines similar to K, Kk, K,, in Fig. 4. 

At the points of intersection, the course will be that determined by the 
value of 6 for the curved line, similar to K, K, K, in Fig. 4. 

It has been observed that the Gnomonic Projection becomes much 
distorted in low latitudes. 

But, this is of little importance, because :— 

(1). The Trade-Winds—-to which every method of sailing must be 
subservient—~blow between the parallels 0° and 25°, on either side of the 
Equator. 

(2). The difference is hardly sensible, near the Equator, between the 
Track by the Great Circle and those courses determined by Mercator, 
Middle-Latitude, and Plane Sailing. « 

At the same time, it may be romarked, that the point of contact, be- 
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iween the Plane and the Sphere, may be chosen in the Equator, or a little 
on one side. 

(a), If the point of contact be in the Equator : 

The meridians will be represented as straight lines, and parallels 
of Latitude as Hyperbolas. 

(b). If the point of contact be not in the Equator: 

The meridians would be represented as converging straight lines, 
and the parallels of Latitude as Hyperbolas and Ellipses. 

For farther information regarding Great-Circle-Sailing, the Reader is 
referred to a Chart and Diagram for facilitating Great-Circle-Sailing, 
—with Pamphlet thereon,—by Hugh Godfray, M. A., St. John’s College, 
Cambridge University ; and published by 5. D. Potter, 31 Poultry, Lon- 
don, Agent for the Admiralty- Charts. 

By means of Fig. 7 we can, at the expense of some labour, dispense 
with the use of the Gnomonic-Projection,—if we are assured, that no 
dangers, such as rocks or shoals he in the course. 

Let A, B be two places, on the surface of the earth. 


Fig 7. Let ¢ = latitude of A = AN 
Ore 4; B= BK 
i= longitude of Ay “. NIX 
t= 4, Bs=(—d. 


Suppose AB to be an arc of a 
Great Circle passing through A 
and B. 

Then the arc AB is the Great- 
Circle-Track between the two 
places, 

Let a Great Circle pass through 
A, cutting PK in H, so that KH 
== NA; draw PD perpendicular 
to AB. 





In the a APH: 
cos AH = cos AP .cos PH + sin AP. sin PH. cos P, 
== cos? AP + sin’ AP . cos (/, — 2) 
“. cos ALL = sin’ + cos’? gy. cos (1, — LD weveveseeees (1). 
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sin AH: sin AP :: sin P: sin AHP, 
‘ . in AP 5 
-. sn AHP = sinP. =~ A= sin (, -4)- ia jaiddee (De 
In the a ABH: 


cos AB = cos BH .cos AH + sin BH. sin AH .cos AHP = 


cos (¢’— ¢) cos AIT + sin (¢’—¢).sin AH .cos AHP... (6). 
ln the 4 APB: 


sin AB: sin AP = sin P: sin ABP 


ee : sin AP cos ¢ 
ee OID ABP = sin FP. sin AB = (1,—2) ‘sin AB «e(7). 





In the A PDB: 
sin PB: sin PD = sin : sin DBP 
-. sin PD = sin PB x sin ABP = cos g’. sin ABP....... (8). 
Equation 8 gives us the “highest ”’ latitude—the value of PD. 
Then by the diagram, the construction of which has been discussed, the 
course can be laid down. 
The Gnomonic-Projection simplifies the calculation greatly; and, at 
the same time, when not greatly distorted, shows the features of the Land 
lying in thé course, which is an important consideration. 


H. W. C. 


No. CCLXITI. 
DESCRIPTION OF MANDI SUSPENSION BRIDGE, 
240 FEET SPAN. 
[ Vide Plates L., 11, HI, IV. and V. | 


By Lieut. C. Hosxyns, R.E., Asst. Engr., Special duty, Mandi. 


hridge, which has just been completed, was designed by F. Kirby, 
Eisq., Exec. Engineer, M.1I.C.E., and erected by Lieut. C. Hoskyns, R.E., 
Asst. Engineer, Special duty, Mandi. 

It spans the Beas, opposite the town of Mandi and was much needed, 
for during the rainy season, communication with the right bank of the 
river was almost entircly cut off, the ferry being unable to ply. The river 
rises 25 feet above cold-water-level when in high flood. 

The cost of this bridge has been defrayed by the Rajah of Mandi. 

The site selected is an admirable one. On both sides the piera are 
founded on rock, and on both sides, above the bridge, large rocks jut out 
into the river, acting as natural breakwaters. 

In working out the design one paramount object was kept in view, 
viz., rigidity, as far as practicable. In a Suspension bridge, unless the 
superstructure is so designed aa to be strongly braced both vertically and 
horizontally, the lateral and undulating motions of the bridge would 
expose it to violent deranging forces in every direction. Cases have been 
known of suspension bridges being completely wrecked in consequence of 


there being no effective guards against vertical and lateral undulation. 
CALCULATIONS— 


Clear span, effective, .. es os -- 240 feet. 

main cables,.. ei “cs «s 265 4, 
Breadth of roadway, .. hie ss Se 10 ,, 
Roadway beams, ee os me by apart 
Versiue, 7 o dd 
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CALCULATIONS.—( Continued.) 


Dead load from measurement, .. aie ee .. 60 tons. 
Live load at 80 Ips. per square foot, es es « 8 ,, 
Total dead and live load, so -. 145 =, 
CL 255 * 145 
at 8 wrmeneeneee Tot af} Ss, 
Strain at centre ay BC TS 308 tons 
Strain on cable at pier, .. c= 820 ,, 
There are 12 cables— 
.”. strain on cach cable, -s cz 26°6 tons. 


The cables are of stecl wire, 2 inches diameter, with steel core; the 
cable tested up to 187 tons, (see Mr. Kirkaldy’s experiments, which are 
annexed,) so that the cables are strained up to one-sixth working load. 

Plates I., I1., U1., give detail of superstructure of the bridge. 

It will be observed from Fig. 2, Plate I., that the main cables are 
pulled inwards towards the centre of the span. The distance from centre 
to centre of main cables at piers is 18 feet. At centre of the span the 
distance is 14 fect. As the weight of each portion of each cable between 
piers is one ton, we have a weight of 12 tons pulled ont of its horizon- 
tal position two feet, and this force naturally tends immensely towards the 
rigidity of the bridge. 

It will be also noticed that the horizontal bracing underneath the road- 
way is proportioned much as a vertical girder of 8 certain span would be, 
viz., the braces increase in area as they approach the piers. 

The railings, or more correctly the vertical girders, have been given a 
height = 4 a/ span, and particular care was bestowed upon the strength 
and arrangement of joints, so that they present the maximum amount 
of resistance against undulations and Jateral motions. 

Plate AIL. gives the detail of inain saddles and of suspending saddle.* 
It was originally intended to have had a cast-iron framing for pulleys in 
the main saddle, but I found that I could quarry stones of excellent 
quality and large; and, consequently, proposed to Mr. Kirby the present 
design, which was approved of. This arrangement was of course far 


* If the saddles had been arranged as in this figure, to go over pairsonly of cables, it would have 
been a more economical and perfect method. A plate should be placed at such futervals as consi- 
dered necessary, loosely bolted to another plate nnder cables. These plates would prevent the main 
cables from laterally swaying in pairs and keep the group compact. Each pair of cables in this 
case would carry a saddle at every nine feet. By working in pairs in echelon the difficulty of awing- 
ing the group of cables to exactly the sume dip is COMPLETELY overcome, and also the size of 
cables necd not be ever greater than 2-inch diameter asa maximum, the STRENGTH to be gained by 
additional pairs, to which there appears to be no practical lait, 
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cheaper, and where good stone is to be found, is to be recommended in 
preference to cast-iron framing. 

The method of fixing ends of railing, (see Plate IIT.,) allows free 
longitudinal play to the railing, while preventing the ends from tilting up. 
It is a modification of an arrangement used by the American Engineers 
for tying down the ends of railings, and yet allowing longitudinal play. 


Description of anchorages, and method of fixing anchorage links and cables. 


Fig. 2, Plaic 1, shows the plan of tunnels, and Plate II. shows the detail 
of anchorage links and box girder. 

The rock ts very hard blue sandstone, and the tunnelling proved a very 
laborious and expensive work. 

The main tunnels for anchorages are 27 fect in length by 4’ x 32’, 
and driven parallel to slope pertaining to the back stays of main cables. 
The rock was found too hard to cut, and small blasts of about 6 inches 
in depth were used. The progress was on an average about 14 to 2 feet 
a week, 

Tunnels 8’ x 7’ were also driven to communicate with the box girder 
anchor chamber. Fortunately from the shape of the rock they were not 
very long. 

At first it was intended to have a cast-iron anchorage plate 5’ x 3’ 
through which the links would pass, and be keyed up; the idea being: to 
cut a narrow channel of just sufficient depth to allow the links to pass 
through and about 7 fect in length. 

The rock however was too hard to cut with the tools available, and 
blasts did not admit of the construction of a narrow channel. I proposed 
therefore to Mr. Kirby, October 1876, a box girder of dimensions given 
in Plate II., the links to pass through the flanges. This was agreed to. 
The girders were made at Roorkee and weighed 22 maunds each, 

The links for the anchorage were of the best Lowmoor iron, and were 
tested by Mr. Kirkaldy of London. There are two sets of links 
14’ x 6” x 1”, connected by one set 4’ x 6” x 1” by steel pins 44 inches 
diametor, as shown in Plate II. 

The fixing of anchorage links requires but little description: the box 
girders were first placed in position in their respective chambers; the 
links were then passed down the tunnel one by one; the men in the 
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chambers then passed the steel pin through the lower consecutive set of nine 
links, and the connecting links. A heavy wooden mallet was used for this 
work. 

The remaining links were then passed down, the second pin passed 
through, and finally the third pin was passed through the head of the 
anchorage links and pulleys. 

Tt took about three days to fix the anchorage. This was entirely owing 
to the confined space in the tunnels. A tunnel 34’ x 4’ gives but little 
elbow room, and a good deal of manipulating was required to get the 
pins to pass through the consecutive set of links. 

Plate I, also shows method of fixing cables to anchorages. Details of 
clip are also given. This clip as first proposed had no side screws or 
gun-metal bush at the bottom. The experiments made by Mr. Kirkaldy 
showed, that with a pull of 30 tons the clips as first designed, followed 
the twist of the rope. 

The present arrangement has completely stopped this. The bush 
offers more surface for friction than a flat plate, and the goun-metal 
wedges at A, A, Plate II., when serewed up tight prevent any tendency of 
cable to flatten, besides having an immensely strong holding power. 

An account of the results of experiments made by Mr. Kirkaldy on 
the wire ropes show conclusively that the clip is a most reliable join, for 
in all cases the cable broke clear of fastenings. 

The results of experiments are herewith annexed. 
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Abstract of different items of expenditure on the Mandi Suspension 
Bridge Works. 


IRoN WORKS. 


KS. 
8 Steel wire cables, 2 inches diameter and 430 feet long, at Rs. 2,267 
each, oe oe oe es oe wis Ke ae -- 18,186 
Anchorages, consisting of 72 links, 14’ x 6” « 1°; 72 connecting links, 
4’ 4” » 6"; 12 steel pins, B' 3" «x 44” diameter ; 8 steel keys ; 24 
cast-iron pulleys ; and 56 washers, ee a oe es 14,842 
Box girders for anchorages, at Rs. 344 each, .. a oe ee 1,876 
Bolts, nuts, straps, suspending saddles and stirrups, and spindles and 
wheels main saddles, .. e wa ee a oe es 4,317 
Cost of experiments on ropes and on clips by Mr. Kirkaldy, -» 1,890 
Cost of clips, 160 in number, .. i ae is ie os 1,900 
MASonry. 
Purchase of country iron,.. “a s a = re «+ 1,180 
46,254 c. ft. Ist class coursed rubble masonry, at Rs. 28 per 100, .«. 12,951 
5,451 c. ft. dressed cornice, &c., at Rs. 100 per 100, .. oie ee =: 451 
2,665 c. ft. deodar timber in superstructure al Rs. 2-2 per foot,  .. 5,740 
Fixing anchorages and swinging cables, es ae oe oe 505 
TUNNELLING AND BLASTING. 
112 running feet of tunncl, 34° «x 3', at Rs. 5 per foot, om ae 560 
LZ 53 és ‘s 6G’ x 5', at Rs. 12 per foot, oe ie 144 
Blasting rock, — és ae ws ‘ce ar se oc FOU 
Approaches, oe ve a be a “ ee 6 454 
Sundries, .. 8 “e on site as as ‘is a 500 
Carriage of material from Calcutta, and from Rupar to site, .- ee 7,700 
Carriage of iron-work from Roorkee to site, «+ ne a . = =U,171 
Kstablishment for 20 months, .. es oe oe ae «> 1,838 
snaerceomnaeselltinny 


Total Rs., -. os §=82,851 


Description of methods used in Swinging Cables and Superstructure. 


After having fixed the anchorage links in position, as described above, 
rangements were made for hauling the main cables across the river. 
Each cable weighed 14 tons. 

A ship’s capstan, which was made in the timber-yard, was placed in a 
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snitable position on the right bank of the river. A small wire rope of 
1 inch diameter was passed across, having been previously fastened to 
anchorage on the left bank. It was hauled tant by means of the capstan 
and securely fixed to anchorage on right bank. Its dip at the centre was 
not much more than three feet. 

A good hemp rope was now passed across from right bank and made 
fast to one of the main wire 2-inch cable as in Fiy. 2, PlateTV. Run- 
ners were collected on the pier(A). As the main cable, was hauled across 
by the capstan, these runners were fixed at intervals of about 20 to 30 feet. 
Figs. 2,3, 4, 5, Plate IV., will show the detail of the runner. The 
wedge prevented the cable from slipping. 

It took on an average about one hour to haul the cable across, and 
the remainder of the day in passing it round the pulleys in anchorage, 
and attaching clips. 

These runners answered admirably, and eight men at the capstan were 
sufficient, 

When the clips were screwed up and everything secure; 8 man on 
a jhila on a spare wire rope was hauled across the river from pier to 
pier, striking out, as he passed along, the wedges from the runners. The 
cables then assumed a dip of about 6 feet producing a strain of 5 tons 
from their own weight. ‘This sufficed to stretch them considerably. 
Their dip in centre increased some 7 or 8 inches. After allowing the 
cables to remain in statu quo for six days, after which their dip at centre 
did not increase, arrangements were made for slacking the cables down to 
their permanent dip, mamely 17 feet at centre of span. 

As there were six cables in either group some difficulty presented itself 
in getting them all of the same dip. The slightest movement in the 
length of back stay is exaggerated some five or six times at the centre of 
the dip. The movement of }-ineh in back stay means a rise or fal] of one 
in the dip. At first it appeared almost impossible to work with such 
nicety with such heavy loads. Until the following expedient was hit 
upon, which proved most satisfactory. 

A good stout nail was passed through the cable end, and by this a 
double headed screw was made fast, as in Fig. 6, Plate IV., which explains 
itself, 

All the clips but one were then taken off the cable, and the one remain- 
ing (a) being loosened only; the wire cable was relieved and the pull to 
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a certain extent transmitted to the double-headed screw, the clip still 
taking a good portion of the pull. By striking the cable at (c) with a 
wooden mallet, and lengthening the double-headed screw, the cable 
gradually settled into its place. By this method the cable was under 
absolute control, and the rate of slackening was regulated entirely by the 
screw. 

When the cable was in position the clip (a) was firmly screwed up, the 
remaining clips were attached, the screw (6) disengaged and attached to 
the next cable, and so on in rotation. T was enabled by this method to 
get the dip of the group of six cables exactly the same. 

The main cables before they were loaded, ¢c., at this stage were fixed 
at a dip of 14 fect above what was designed. From previous experience 
I knew that approximately they would come down that amount when they 
were loaded. The girders when made on the ground were also given @ 
camber of 5 feet, for | knew that nearly half of it would be lost in the 
settlement of cables. 

Finally, when the bridge was completed the cables had come down 
about 16 inches, and the camber of superstructure remained 1 foot 8 mehes 
at the centre. This is an unportant point to remember in these style of 
bridges. Fortunately [ bad builf a smaller bridge before, and had re- 
marked the great settlement. 

When the two groups of cables were in position, a temporary roadway 
10 feet broad was boomed out towards the centre from either pier, as 
follows :— 

The suspending saddles, with wires and stirrups complete, as in 17g. 7, 
Plate V., were collected at the piers of the bridge, having been placed 
on the main cables. The suspending wire was permanently leaded into 
the stirrup, and temporarily made fast to saddle by passing a nail 
through. 

Cross beams with ends cut, as in Fiy. 8, Plate V., were collected near 
piers. The cut as shown in this figure enabled the stirrup to swing into 
its place immediately. The booming ont proceeded most rapidly. When 
the cross beam had been fixed into the two stirrups, two men, one on 
either group of cables, pushed the saddle down the catenary thus booming 
out the cross beam, over which had been previously placed two lougitu- 
dinal baulks. The principal was the same as booming out in pontooning, 
end I was going to say as rapid, for the temporary roadway was com- 
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pleted in 12 hours. Considering that there were no trained workmen 
this was good going. Fig. 9, Plate V., gives an end view of the tem- 
porary roadway. 

As the horizontal girder underneath the permanent roadway had to 
be placed above the temporary roadway, this latter was swung at a height 
of about 2 feet beneath position of borizontal girder when permanently 
placed. Fuge. 10 and 11, Plate V., show this. 

~The booms of the horizontal girder were now fixed, working from the 
centre of span towards the two piers. This work tuok about four days, 
Two more saw the cross picces and tie-rods in position, 

The horizontal girder complete in position; the cross transoms were 
placed on it in their permanent position, commencing as tisual at the centre. 
These transoms were raised above the pirder booms about 1 inch by 
wedges. 

Now commenced the work of permanently fixing the suspending wires, 
and relieving the temporary roadway of its supercumbent load, Fig. 12, 
Plate V., will explain this. Tere the reader may observe that the lower 
boom of railing has been placed above the cross transoms and that large 
bolts (2), (}) have been fixed, so as ty tuke all the weight of the horizontal 
girder beneath. Having proceeded thus fir, the suspending ~ires which 
were attached to the cross trausoms were tautened and then oan in with 
lead with the saddles, as follows :— 

Long #-inch bolts were passed through the holes in saddles and its 
plate attached to it, (see Wry. 13, Plate V.) The wire ope was then 
clipped with two plates screwed together (see lg. 14, Plate V.) The 
nuts of the #-inch bolts were then screwed up, raising the plate and with 
it the clip and wire rope. The end of wire rope was then opened out, as 
in Fig. 15, Plate V. A small conical wedge placed in hole in saddle and 
the whole run on with lead. 

When the long bolts were put through suspending saddles to tauten 
suspending wires, the heads were downwards, and nuts above. This was 
found the most convenient as the workmen then sat on the main cables 
screwed the wire up as taut as could be, then opened out the rope and 
permanently leaded the end in. After this was done the ends bolts were 
unscrewed, and the proper bolts for the underneath plate attached, heads 
downwards as in Fag. 15. 

Before finally fixing a saddle the wire was leaded in a little lower down 
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than the permanent position. The saddle was then struck up the slope 
with a heavy wooden mallet until it was absolutely vertical, which was 
determined with the plumb-bob. The under plate was then screwed up 
tight, and the saddle permanently fixed. 

The wedges which kept the cross transoms and booms of horizontal 
girder apart were now strock ont and these booms were screwed up by 
means of the screws on the bolts 4, (see 27g. 12, Plate V.) The object 
of the wedges may not at first sight be understood. It was found that 
the cross-section of horizontal girder was not perfectly level. By means 
of these wedges the cross transoms were levelled, and the horizontal 
girder was aftcrwards screwed up to its proper position. When the tem- 
porary roadway had been relieved of its superincumbent weight, its sus- 
pending wires were loosened, by striking out the nail above saddle, and the 
pieces fell into the river; men being in readiness on ‘derayes’ to drag 
the umber to the banks. 

I need not observe that all the superstructure was framed and fitted 
(exactly as it would be on the bridge) on the ground, and that therefore 
the fixmg of railing and flooring was merely fitting, and requires no des- 
eriplion. | 

The first cable was swung on the 2lst Angust; the temporary road- 
way thrown across on the 22nd Reptember; the horizontal girder fixed in 
position six ays after that ; and the bridge completed on the 14th Nov- 
ember. 
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Notes on Cur,..ge of Steel Cables and Ironwork for the Mandi Suspen- 
sion Bridge, vii Rupar, Nalakhund, Belaspur, Suket, Mandi, Dtstant 
65 miles. 

The material for the Mandi Suspension Bridge arrived at Rupar during 
the first week in Juno. 

It consisted of 12 steel wire cables 2 inches in diameter each 450 feet 
long and weighing 42 maunds, of 72 wrought-iron links 14% x 6” x 1’, 
weighing each 44 maunds, and of other smaller picces. 

The total weight to be carried from Rupar to Mandi, distant some 65 
miles over bad jill roads, was 

12 cables, .. cr aes ane as as .. 404 mds. 
Wronght-iron work, ais ba <a .. = 00 


y* 


 amataneamatal 


Total, .. ++ 1,004, 
Speaking roundly, loads for 2,000 men. 
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The method of the carriage of ironwork needs no comment, that of the 
cables however presented some difficulties. The cables having been placed 
on an improvised drum previous to uncoiling, were unwonnd to their 
full length. They at first rebounded much like a watch spring, after 
being kept taut for some little time the cable was doubled on itself and 


bamboos were fastened at every 10 feet, 


Soe ae = 





a pe ean ee ty ae — 


ae. 


thus providing for $4 men, each man baving a Joad of 20 seers. The 
total length of load as carried was 210 feet. 

From Rupar to the foot of the hills, distant some 18 miles, the men 
expericuced no difficulty with their load, and accomplished the distance in 
two days. 

From the foot of the hills to the top of the pass, distant some 6 miles, 
the cables were on an average carried in one day. The ascent, though in 
some places sharp is fairly straight, aud presented no difficulties in the 
carriage. 

From the top of the pass on to Delaspur the road is very bad and tor- 
tuous. ‘The zig-zags are very sharp, and here considerable difficulty was 
experienced. Jt was found necessary to place men at each angle of the 
zig-zag to help the men ronnd with their load. On an average three days 
were taken between Jtalakhand and Belaspur, distant about 16 miles. 

There was not the slightest tendency for the cables to kink. In 
fact carried as they were it was perfectly impossible for them to do go, 
To kink, a cable must turn over on itself, and with men at every 10 feet, 
however sharp the zig-zag, this could not possibly happen. 

From Delaspur to Mandi, the road is fairly level and good, and the 
rate of progress was on an average somewhat under two days per stage 
of 10 miles. No diffoulty was experienced in crossing the Sutlej at the 
Dehiir ferry. 

The total time taken for carriage of material to Mandi was two 
months. This of course docs not represent actual going. Much time 
was necessarily expended in collecting coolies. Two thousand men are 
not massed in a day, and without the active assistance reccived from the 
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Rajah’s of Nalagarh, Belaspur, Suket, and Mandi, I should have failed 
in commanding labour. 

The cost of carriage of 1,004 maunds from Rupar to Mandi was Rs. 
4,200, coolies receiving 4 annas per stage. 

The chief difficulty in the transport of a load like a long cable, lies in 
the management of the men themselves. Two or three men who choose to 
obstruct, can do so most effectually, entirely stopping progress, and this 
is exactly what happened. 

The difficulty was in a great measure overcome, however, by having a 
few spare men at hand who replaced the obstructives, these latter securing 
nothing for any work they may have done. 

This they did not like for they found that sulking did not pay. 


Notes on Carriage of Steel Cables and Ironwork for the Kulu Suspension 
Bridge 300 feet span, via Rupur, Nalakhaund, Belaspur, Mande. 


The main cables for the Kula bridge arrived at Rupar in May. 

Fach cable is 590 feet in length and 72 maunds in weight. An 
attempt was made to carry these cables intact. One was so carried for 
nearly 40 miles, and another about 18 miles, but the cost proved pro- 
hibitive, as will be shown hereafter. 

The cable was at first stretched ont to its full Jength, and judging 
by the weight 140 men were at first provided for by fastening bambeos 
at regular intervals. These however conld make no way, the cable got a 
swing on, and the men with diffienlty kept their feet. Finally 240 men 
carried the cable off, and along the level road to the foot of the hills pro- 
gressed at the rate of five miles a day. 

From Kalakhand to Belaspur the road ascends some 4,000 feet to 
descend again, the distance is some 16 miles. Here great difficulty was 
experienced, the progress being perhaps at the rate of two miles a day. 

At each turn of the road, as in the case of the Mandi cable, men 
were placed to help round the cable and finally Belaspur was reached, a 
week having been spent in tho 16 miles between Kalakhand and Belas- 
pur, 

From the above results it was evident that the cost of carriage of 
cable intact was prohibitive, and arrangements are in hand for cutting 
the cable and joining. 
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The experience gained shows that wire cables up to 2 inches diameter, 
and from 4 to 5 hundred feet in Jength, can be carried, without much 
difficulty at a fair rate of progress, over bad and tortuous hill roads, 

The progress in the case of the Mandi 2-inch cables was good consider-. 
ing everything. Lach man carried an average Icad, and no advantage 
would have acerued in cutting and carrying smaller bulks of cable. 

And it appears that it dues not pay to carry wire cables of a greater 
thickness than 2 inches diameter. The carriage of the Kulu cable, 3-inch 
diameter, 500 feet long and 72 maunds iu weight, over some 40 miles of 
bad hill road, shows that a cable of great weight and thickness can be 
carried, but that it does not pay to do so. The number of men required 
for the J-inch cable increased inversely as the rate of progress. 

In designs for suspension bridyes in the hills, wire cables of greater 
thickness than 2 inches diameter should not be used. The required 
strength must be supplied by numbers not by increasing the thickness 
of cable. 


C. Hi. 
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5 CLIPS TO EACH CABLE 


ENLARCED VIEW OF CLIP 
Scale. 4 real size. 


af 


tf 


rn ta) 


% 


ef ¥f m-~----- 6 


ra 





DeTAlh Var 
SADOLE FOR SUSPENDING WIRES 


tate 


(eed 


o. 





, 


PLAN 


” 
“ 
TET gg eG gee 
i a 
Carew be 
oat aa” artes 





4 
al 





oe 
nt 


PLAN 
Pn aa 
it f, ' : 
ee Coan 
ia) Na ty 
et een 


& 

\ 

j 
STIRRUP 
Rlevation 











on ct eo ee 





re = 
Spee ee — x a — % = > 3 , 
3 bane 3 : ; : : - a peepee a 


SpE Rs > eS re a ree a 


' +. 
{ 
r 
H 





© 
t 
t 






eras A: 





y 
ry 


f°L, A$ LG KF, 






A Gr ERE CY Ps meres eg 


ene oes Bee e nena Sty de Shee rad 


Fig. 13. 


ee 





Fre. 15. 


SECTION 





ower Boom of Railing 





PLAN 





Fforizuntal Gerder 
crrdeewey 


4 


No. CCLXITV. 
NOTE ON COAL IN THE SEWALIK HILLS. 
By Murray Tomson, M.D., FLR.S.E, 


Ir bas been known for many years that small deposits of coal, or rather 
lignite, ocenr here and there among the sandstones of the Sewalik Pills, 
Ii this mineral can be obtained in sufficient quantity to repay the working 
and carriage of it, it will be valuable as a fuel, whether its nature be that 


of a true cual or a lignite. 
IT have lately examined some samples of this lignite at the request of 


the Secretary to the Government, N. W. Provinces, in the Department 
of Public Works, and as T have not met with any published statement of 
the composition of the mineral, it night be as well to put on record the 
results of my experiments on the samples sent to me. 

The samples which L examined were found by Mr. Marten of the 
Forest Survey Department. The following Table gives the sites from 


which they were taken, along with thei composition per cent. :— 








Volatile | 








| Frei | . 
Place or site from which the sample was derived. ' carbon. | matter. Ash 

| | 
eet beer emt Ay LALA RAT LE SRI ere eyhfelon mn Mbadin Anes atavremnenenyitpeansantilisrn pf tetlie peer af ETE ORME AMERY RC REAY face nab ernment ty A coe Perea Gs en ag ce mn 
1, Sahensa Rao, is es a ae | 39°69 | 39°73 20°58 
2. Halni banch of Sahensa Rao, ae .. | 5378 ! 16°05 S017 

| 
3. Chumari Sont branch of Sahensa Rao, | 45124 39°05 | 15°83 
4. Kotri Rao, .. a od a 3 | 38°98 Any 18°32 
5. Shahjahinpur Rao, .. oe = oe | A¥-28 | 47°62 | 4:10 


meetin oe Ee aeaannanaemnennena aes 
All the samples, except No, 2, compare well with ludian Coals gene- 
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rally, and No. 5 might be ccnsidered excellent fuel, on account of ita 
freedom from ash. Wowever, regarding the suitability of these lignites 
for fuel, the composition of them is somewhat misleading. The volatile 
matter, which exists in common coal as hifumen, is different im these 
lignites: they never cake during combnstion, and the amount of inflan.- 
mable gas they give out is very small. This prevents them burning 
readily, and for complete combustion they reqtire a strong draught. This 
difficulty of burping is also caused by the want of coherence of the 
lignite. ‘Fhey crumble to pieces very easily: this would lead to great 
waste in extracting the lignite from its bed, as also in carrying and using 
it, The results of my experiments do uot foster high hopes as to the 
usefulness of these lignites as a fucl. 

1 know nothing myself as to the thickness or extent of the beds but they 
have been well examined by a very competent authority, Mr. H. B. Med- 
licott, who remarks on them: ‘“ 7] have seen a great deal of these rocks, 
and I think that the prospect of a useful deposit of coal being found in 
them is very unpromising. The nests and strings of lignite that occur, 
sometimes close together, in the sandstones are manifestly the remains of 
isolated trunks and roots wf trees which were rolled or floated into these 
positions and became buried in the sand. There is, of course, the chance 
of a local accumulation of such matter, but this has not been the mode of 


origin of useful coal seams.’’* 
M. T. 


* Memoire of the Geological Survey of India, Vol. I11., Purt 2, page 180, Geological Structure, 
&c., of Bouthern Himalayas, by H. B. Medlicott, B.A., F.G.5., now Director of the Geological 
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FESTINIOG LIGHT RAILWAY. 


Cony of a letter from Guitrorp L. Moreswortn, Esq., Director 
of Public Works, Ceylon, tou the Righk lon’ ble the Secy. af State 
) PYLON, 4 J 
Jor the Colonies. 


London, March 24th, 1871, 
My Lorp,—In accordance with the suggestions of Sir James Elphinstone, 
I have visited the Festiniog Railway, and have now the honour of laying 
before you my views respecting it. 

I have already reported at some Jength to the Government of Ceylon 
on the subject of light railways; and, as my visit to Festiniog has not 
materially altered the opinions 1 then expressed, my Report will, to a 
great extent, consist of a repetition of those views. 

The Festiniog line was originally opened as a horse tramway or railway 
for the purpose of connecting a large gronp of slate quarries with Port- 
madoc, the nearest harbour. ‘he length of the line is about 154 miles, 
with a branch of a mile in length makiug a total of about 14} miles 5 it 
passes through a rough country, but the curves enable it in most parts 
tu keep tolerably close to the contuar of the hills, and to aveid heavy 
works, except here and there; there are however two tunnels unlined of 
60 and 700 yards respectively, and some heavy rock euttings and em- 
bankments. The terminus of the main line is about 800 feet above the level 
of the sea; the average gradient is about 1 in 90, and the maximum 
gradient (with the exception of a short and unimportant portion at the 
top) is about 1 in 80; practically, the line may be said to consist of one 
continuous descending gradient of 1 in 90 for 12} miles, with about a 
mile of level at the end nearest to the shipping port. The traffic on the 
railway is about 140,000 tons annually, of which about 90 per cent. is 
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slate, the rest almost entirely of coal and lime. There is also a passen- 
ger traffic of about 90,000 or 100,000 passengers per annum, chiefly 
composed of workmen or others connected with the slate quarries. 

The line was for thirty years worked by horses, which drew tle empty 
trucks up the gradient, and were themselves in their turn brought down 
with the loaded train in tincks specially constructed to carry them, as the 
gradient is sufficient to enable the loaded trains to descend by their own 
weight without any motive power. 

About the year 1463 the use of horses was abandoned, and a sum of 
£50,000 was expended ont of the revenue of the railway in improving it 
and rendering it suitable for locomotives. 

The total cost of the line is said to have been about £87,000, including 
the cust of rolling stock, or about £6,000 per mile. 

The land through which the line passes is comparatively valueless, and 
the railway has been free from the ruinuus expenses of a parliamentary 
opposition which have added so much to the burden of the majority of 
English lines. 

‘The railway is a single line with a gauge of 2 feet,* and with crossing 
sidings about 16 or 18 chains long at intervals. 

The sharpest curves are 13 chains, or 115 feet radius. 

The formation width is & feet in cutting and 10 fect in embankment, 
The feucing is chiefly of dry stone wallhiug, fur which the natural cleavage 
of the rock Gin laminated strata with fine beds) offers great facilities. 

The culverts and smaller works are also of dry masonry, but the ma- 
sonry of the bridges and Jarger works is set in mortar. The natural 
cleavage being favourable for the construction of cheap niasuonry, and 
indeed in many cases walling has been adopted for the retention of the 
embankments, in preference to the adoption of slopes. 

The permanent way is formed of double-headed rails, weighing 48 |bs.¢ 
to the yard, fished and Jaid with cast-iron chairs on transverse sleepers, 
% inches by 44 inches, and 4 feet G inches lung. The distance of the 
sleepers ix 3 feet apart, but less at the joints. 

The rolling stuck is of very simple character. The buffers are central, 
and about 1 foot 8 inches above the level of the rails. The coupling is 
also central; the wheels are 1 fout 6 inches diameter, with jogrnals about 


* 1 foot 114 inches actually, 
t £ beheve these Lave since been replaced by rails weighing about G0 Iba, per yard.—G, L, M. 
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4 inches long, working in white metal bearings. The wheels are of cast- 
iron, with wrought-iron tires, and there are also some wrought-iron wheels ; 
but these are faulty in design. 

The trucks weigh about 1 ton each, the greater number being designed 
with open-barred sides for slates; they have a wheel base of about 3 feet, 
and a capacity of abont 45 cubic feet; they have no springs, and the 
brackets carrying the bearings for the journals are of cast-iron, bolted 
on to the frames. 

The carriages are built by Messrs. Brown, Marshall, and Co., and are 
well and substantially made; they have a wheel base of about 5 feet 
6 inches, and are furnished with central spring buffers, springs, and axle- 
boxes, working in axle guards in the usual manner. The passengers sit 
back to back, with their sides in the direction of the line; and the floor- 
ing of the carriages overhanging the wheels is within a few inches of the 
level of the rails. 

The internal dimensions of the carriages are abort 10 feet long by 
6 feet 3 inches wide; they weigh about 14 tons, and are intended to 
carry twelve first class, or fourteen second and third class passengers, 
giving a width of 1 foot 8 inches for first class, and 1 fuot 5 inches for 
second and third class, passengers. 

There are two classes of engines employed for working the line— 

Single locomotives, with 4 coupled wheels of 2 feet diameter, 84-inch 
cylinders, 12-inch stroke, 5 feet wheel base, and about 10 tons weight, 

A donble bogie engine on Mr, Fairlie’s principle, with four cylinders, each 
85°, inches diameter, and two sets of 4-inch coupled wheels, 2 fect 4 inches 
diameter ; stroke, 13 inches; wheel base of each bogie, 5 feet; total 
wheel base, 19 feet; pressure of steam, 160 Ibs. per square inch; total 
weight of engine, 19$ tons. 

The latter was not working when I visited the railway. The single 
engines are capable of taking a load of about forty-tive empty trucks, 
with break van, and three or four passenger carriages (or a total load of 
from 50 to 60 tons up the line), There are no stations to speak of, and 
no platforms are required for the carriages, the wayside stations consist- 
ing merely of a crossing, siding, and a hut, to serve as booking-office and 
Wwaiting- room. 

The slates are loaded at the quarries and unloaded at the port by agents 
of the respective quarries, and not by the Company's servants. 
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The description above given comprises the leading features and details 
of this interesting little railway, which reflects great credit upon all con- 
cerned in it, and shows what it is possible to do on so narrow o guage. 
The plan of central buffing and conpling is one that has Jong been con- 
sidered a desideratum with engineers, but there has been a difficulty in 
introducing it on English railways without confusion and considerable 
expense. I consider it a great improvement on the system of double 
buffers, especially on a railway abounding in curves. 

An attempt has been made, by the publication of a series of plausible 
letters in the “ Times,” abont the beginning of last year, to give to lines 
of this character an undue importance. These letters, though useful in 
calling attention to the snbject, have exercised a somewhat mischievous 
influence by giving a fictitious colour to facts which need no such misre- 
presentations to commend themselves; and, as this influence has been wide- 
spread, it becomes necessary that the true facts of the case should be 
known. 

The advantages thus claimed for the Festiniog Railway may be briefly 
summed up as follows :— 

Its working expenses are only 444 per cent of its receipts, whereas in 
English lines of ordinary gauge they average 48 per cent. 

It yiclds an interest of 294 per cent, on the original capital, whereas 
ordinary lines yicld only from 6 per cent. to nil. 

The dead load on the Iestiniog Railway is only one-third of the weight 
carried, whilst on the ordinary gauge the dead weight for sinilar freights 
is more than half the weight of freight. 

On the English lines of ordinary gauge the dead load carried for each 
passenger is a ton, or even more, whilst on the Pestiniog system it may 
be reduced to 5 cwt. 

The exceptionally narrow gauge effects a very large saving in first cons- 
truction, 

The loads being comparatively light, there is an immense saving in wear 
and tear. 

These conclusions, though apparently based on statistics, were so much 
at variance with the results of my own experience, that before I could 
adopt them, I deemed it necessary to analyze the facts carefully, to as- 
certain whether there were any exceptional circumstances connected with 
the Festiniog Railway, or whether the advantages above claimed were 
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wholly and solely due to the adoption of the 2-foot gauge, The first 
point which struck my attention was the fact that, notwithstanding the 
advantages claimed for the system, the expenditure per train mile was 
nearly double that of the average of English railways, and more than 
three times as much as that of some of the Irish railways, on which the 
rates of labour would probably more nearly resemble those of a remote 
Welsh district like Festiniog. The features that appear to be chiefly ex- 
ceptional on the Festiniog Railway are— 

That the traffic almost exclusively consists of slates ; that the rate 
charged for freight is at least double the rates of ordinary railways ; 

That the traffic is almost entirely down hill, on easy gradients requir- 
ing power for little more than the haulage of the empty trucks back 
again, and that this circumstance has enabled the traffic to be worked with 
remunerative result by horses alone. 

Now let us seo now how these facts affect a comparison with English 
trains of the ordinary gauge. 

I will take the advantages claimed for the Festiniog Railway sertatim 
in the order in which I have given them above. 

1. The working expenses are stated to be 441 per cent. of the receipts, 
but on examination of the Financial Statement forthe year ended June 1869, 
I find that the receipts amounted to £25,696, whilst the actual expen- 
diture has been £13,053, so that the actual expenditure has amounted to 55 
per cent. of the receipts, certain deductions having been made from the 
actual expenditure before instituting the comparison with other railways. 

_ Now I suppose that no deduction of this kind has been made from any 
of the English railways with which 16 has been compared, though, of 
course, the expenditure of all railways will be subject to charges of a 
character which might be excluded from “ working expenses” in tho 
sliict sense of the term. 

How far such deductions are fair it is impossible for me to say, but I 
certainly observe in the statemient items which, in my opinion, cannot 
fairly be deducted from working expenses; for instance, tonnage for 
right of way, which would in ordinary railway accounts be debited to 
rent, and form a portion of the working expenses. Again, ‘‘rebate” (or 
remission of a part of the receipts to the freighter) which if deducted 
from the working expenses should in all fairness be also deducted from 
the receipts in forming a comparison between the receipts and expenses. 

123 


6 FESTINIOG LIGHT RAILWAY, 


Waving, however, these objections, and assuming for the sake of argument 
that 44} per cent. is the fair proportion, let us enter into a fair compa- 
rigon between this and 48 per cent. of the English railways (on some of 
the Irish railways it is 39 and 33 per cent., and in one case as low as $1 
per cent.) 

The Festiniog Railway being a small line to a number of slate quarries 
has practically a monopoly of the traffic, consequently it can charge for 
transport rates higher than those charged by the majority of English 
lines which are in keen competition with each other. The charge for 
slate is 24d. per ton per mile, and 23d. for other traffic, which may be 
said to be almost entirely mineral, being of coal and lime. Now the 
mineral rates charged on the ordinary Rnglish lines vary from 3d. to 1d. 
per ton per mile, or Jess than half the rates charged on the Festiniog 
Railway (in one case within my knowledge the rate for minerals scarcely 
exceeds one-fourth of the Festiniog rate, and that subject to rebate). It 
is true that, on the average of English lines, the distance is greater than 
on the Festiniog line, and that the terminal expenses or cost of loading 
would not be spread over so many miles, but on the other hand, neither 
the loading nor the unloadit x of slates on the Festiniog Railway is un- 
dertaken by the Company’s servants, but by the agents of the different 
quarry owners, who are the freighters, so that there are no terminal ex- 
penses to speak of. 

For simplifying the question, however, I will assume that the rates of 
freight are double those ordinarily charged, though three times would be 
probably nearer the mark. 

Now, it is clear that whatever may be charged to the freighters, the 
amount of that rate can exercise no influence on the working expenses, 
which must remain the same whether the rate charged be 24d., or 6d., 
or ld., or gd. 

_ Snppose then, for the sake of fair comparison, that we take the same 
rates as those of other railways, which I assume to be half those of the 
Festiniog Railway, the receipts will be reduced to one-half, whilst the 
working expenses remain the same; so that the proportion of working 
expenses immediately amounts up to 89 per cent. of the receipts; or if we 
take the total expenditure, we have a proportion of 110 per cent. or an 
expenditure exceeding the receipts. 

2. To deal with the fact that the Festiniog Line yields 294 per cent. 
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interest on its original capital, I will not stop to inquire how far the 
average of English lines have suffered by taking up, leasing, or guaran- 
teeing unremunerative lines to provent them from falling into the hands 
of a rival Company, although this is notoriously the principal cause of low 
interest on the English railways. I will simply accept the facts as they 
stand, and form the comparison on that basis. It appears, then, that 
the Festiniog Railway Company, whilst working the line with horses, 
realized such profits, that they were enabled to expend a sum of £50,000 
out of their profits, in additions to the Jine, and in rendering it capable of 
being worked by locomotive power ; if this additional capital be taken into 
consideration, the amount of interest will be reduced to 124 per cent. on 
the outlay ; still this is a handsome return, but if we are to institute a 
fair comparison with other railways, we must see how this interest is ob- 
tained. To do so, I must again revert to the rates, 

Suppose, for instance, that the Festiniog Railway Company were 
forced by competition or otherwise, to carry their traffic at the same 
rates as those adopted on other lines, which I have assumed at half the 
rates now charged on the Festiniog line, the receipts would at once be 
reduced to one-half, or instead of £23,676, hey would only amount to 
£11,838, whilst the working expenses still remaining unaltered, would 
be £18,050, or a deficit, instead of 124 per cent. interest. In these com- 
parisons I have assumed the whole of the traffic to be a “ mineral ” traffic, 
consisting of slates, though, strictly speaking, this is not the case, but the 
passenger carriages only form one-twenticth of the number of vehicles ; 
and even the other trucks which almost exclusively carry a “ mineral” 
traffic of coal and lime, do not form one-twentieth portion of the whole. 
I have, therefore, simply confined my remarks to the question of slate (or 
‘“‘mineral”’) traffic, though probably some slight reduction might be made 
in my figures for the small amount of traffic that may not be earried at 
such high rates. My aim has been to place before you, in as clear and 
concise a manner as possible, the principles upon which a fair comparison 
can only be made. 

The Festiniog Railway was, it appears, a profitable concern when worked 
by horses; and it would have been easy to establish the superiority of 
horse-power over locomotive power, were interest on capital, or proportion 
of working expenses to receipts, to be the only criterion of their relative 
merits, 


126 


8 FRSTINIOG LIGHT RAILWAY. 


« 


3. Inow come to the question of the proportion of dead weight of rol- 
ling-stock to freights ; and in this respect the Mestiniog Railway has an un- 
doubted advantage so far as slate traffic is concerned, for slate is 2 heavy 
and compact article of freight, and a considerable weight of it may be 
packed in a small compass; consequently, if a small truck be sufficient 
to contain as much as a pair of axles can bear, the small truck must have 
the advantage so far as dead weight is concerned ; but few of the Inng- 
lish railways have a traffie of one uniform dense character like that of the 
Festiniog Railway; and it is generally necessary, in order to avoid mul- 
tiplication of rolling-stock, to have a few types of truck capable of car- 
rying freight of all kinds; but even if a railway of the ordinary gauge 
were to have a traffic of slates alone, L doubt whether the trucks could 
constructed so as tu have so small a proportion of dead weight as on the 
2-foot gauge. 

The case, however, wears a very different aspect when we arrive at the 
consideration of a bulky and less weighty freight; take for example coffee 
in “parchment,” which 1 suppose forms fron: 9V to 95 por cent. of the 
freight from Kandy to Culombo. Its balk, weiyht for weight, uust be at 
least eight or nine times that of slate (and this is no extreme case; for 
un-pressed hay, straw, and other agricultural produce, are thirty times 
the bulk of slate). It wonld be necessary, therefore, to employ eight 
or nine of the slate trucks to carry an amount of coffee equalling the 
weight of slate that might be carried in one truck; in other words, the 
dead load will have to be increased eight or nine fold when you begin 
to carry coffee in the Festintog truck (or 34 in the case of hay and straw), 
This is on the assumption that the slate trucks are used for the con- 
veyance of coffee; and 1 have assumed this in order to simplify the ques- 
tion, and show the principle involved ; at the same time trucks might be 
designed on the 2-foot gauge, in which the dead load might be reduced 
below the proportions Ul have given in the simple comparison of bulk 
with bulk. There is no doubt, however, that whilst small vehicles give 
the least dead load for dense compact freights, the larger are more eco-~ 
nomieal for light bulky freight ; and this principle is evidently being re- 
cognized in those parts of India in which cotton traffic is large; for I 
learn that on some of the Indian railways an endeavour is being made to 
economize the dead load by increasing the size and capacity of the trucks. 

The fourth point would be too absurd to combat, were it not so gravely 
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and plausibly insisted upon by the writer of the letters of the “Times,” 
who after gomg into some elaborate proofs to show that a ton of 
dead weight or more is carried for every passenger, continues, “ surely 
it must be a severe reproach to mechanical scicnce so long as a ton of 
passengers means, according to one calculation, 20 tons, or, according to 
another, 83 tons, &c.,” and then he proceeds to show that, by the system 
he advocates, carriages may be constructed so that a passenger and his 
dead load, instead of weighing a ton or more, may only weigh 5 cwt. 
Now, any one who has the slightest acquaintance with the working of 
railways knuws that the principal causes of this excessive weight have 
nothing to do with “construction” or ‘“‘ mechanical science,” but with 
the traffic arrangements and with the travelling public. The dead weight 
is caused by the necessity for providing for the maximum pumber of 
passengers that may possibly travel on the railway, by the haulage of 
empty carriages, by the system practised by the travelling public of re- 
ferving empty compartments for themselves, and innumerable facts well 
understood by traffic managers. Liven the most @aperficial observer 
travelling on the English railways must have noticed, especially on branch 
lines, that the carriages are seldom filled to a third of their capacity, and 
that many arc quite empty. This explains the sceret of the immense 
dead weight. Whilst travelling on the Festiniog railway I noticed that, 
so far as the first class traffic was concerned, the dead load execeded 2} 
tons per passenger without taking into account the share of dead load of 
engine and break-van, for there was only one passenger in the carriage on 
the up journey and none on the down. Our third class carriages on the 
Ceylon railway, when they are properly filled (as they almost always arc) 
do not amount to 4 ewt. per passenger including the weight of the pas- 
sengor—and they are of no special construction—so that the wondcrfal 
improvement of 5 cwt. expected by the writer in the “ Times” is by no 
means so great as it appears to be on paper. There is certain)y room 
for the reduction of dead load in the construction of carriages to a limited 
extent, but the travelling public of England will not bear it. I remem- 
ber that, several ycars ago, on a railway in the north of England, some 
carriages were constructed which reduced the dead load to 12 ewt. cx- 
elusive of the weight of the passenger himself, but it was found that, 
practically, these carriages involved more dead weight than those of ordi- 
uary construction because the public objected to travel in them and the 
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passengers in them were but few. After about a year’s trial they where 
withdrawn. As a rule, the dead weight due to faulty construction or 
wasted space (both in goods and passenger traffic) is 8 mere bagatelle 
compared with that necessitated by traffic arrangoments. 

I now come to the cheap construction of light railways. This ad- 
vantage on investigation will be found to be less than might at first sight 
be imagined. The cost of land will be ncarly the same in the case of the 
light railway as it is in that of tho broader gauge. 

The fencing, the telegraph, the signals—precisely the same. 

The stations: nearly the same, the sidings longer, becanse a decrease 
in the width must entail increase in the length of the trains. 

The permanent-way will, perhaps, show the greatest saving, but that 
will be effected chicfly in the sleepers; it is s significant fact that the 
rails adopted on the Festiniog Railway arc of greater weight than those 
originally adopted and used for many years on the 7-foot gauge of the 
Great Western Railway; on the other hand the Great Western rails 
were laid on longitudinal sleepers which admit of some reduction in the 
weight of rails. 

The saving in the earth-work varies very much, bat decreases relatively 
with the magnitude of the work; take as an extreme instance, the heary 
embankments required to keep the Gampola Railway above flood-level ; 
in an embankment of 50 feet height, with slopes of 14 to 1, the slopes 
which form the principal portion of the contents will remain the same, 
whatever may be the gange, the only saving is a slip cut from the midde 
of the embankment, and each foot saved in width would only represent a 
total saving of ,/;th part of the whole, in other words, a little more than 
1 per cent. The saving in bridges of large span would be but small because 
the weight of the train bears so small a proportion to the weight of the 
bridge itself. The culverts cannot be reduced to any appreciable oxtent 
except slightly in length—the faces would remain the same. The differ- 
ence of cost between a 7-foot gauge and the ordinary 4 x 84 gange, is 
considered by engineers who have investigated the question, to be about 7 
or 8 per cent. Even Captain Tyler, R.E., who has so strongly advocated 
the light system, and whose position as Government Inspector of Rail- 
ways hag done so much to bring the subject prominently before the public, 
even he admits that, “(in fiat countries very little saving can be effected 
by reducing the gange; ” but he believes that, “(in mountainous districts, 
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sharper curves which work more easily in the narrow gauge can be better 
employed so as to enable costly works to be avoided.” If this be the case, 
thon comes the question :—“ Are sharp curves precluded by the ordinary 
gauge?” <A few years ago such a question would have been answered 
in the affirmative, for when the Ceylon Railway was first designed it was 
almost unique amongst railways, aud I had no small opposition to over- 
come in the Colony, because the curves in my proposed line were so sharp. 
My proposal was then designated as “a series of zig-zags and chamois- 
leaps at right angles to one another.” 

Since that time however, the extension of railways to districts previ- 
ously considered inaccessible to the locomotive has led to the adoption of 
still sharper curves; and the attention of engincers has been directed to 
the improvement of rolling stock so as to enable it to pass without diffi- 
culty round such curves. The sharpest curves of the Festiniog Railway 
are 115 feet radius, and the wheel base only 5 or 6 feet; but lately a steam 
carriage, 43 foct long, has been exhibited near London running round curves 
of only 50 feet radius at a speed of 25 miles per hour on the ordinary gauge 
of 4 feet 84 inches, so that the greatest element of economy claimed for 
the oxceptionally narrow gauge, is, to some extent, illusive, inasmuch as 
with the ordinary gauge curves can be used which are twice as sharp as 
the sharpest curves on the Festiniog Railway. 

{t now only remains for me to discuss the sixth advantage claimed for 
the Festiniog system, being that the light character of the rolling-stock 
reduces the wear and tear considerably. This is true to a certain oxtent, 
but less than might at first sight be imagined, because it must be re- 
membored that the great causcs of wear and tear on English railways 
are the high spced and heavy engines; in fact, this is admitted in the 
letters of the “Times,” from which the following is a quotation :—‘ The 
carriages and waggous are comparatively innocent. Go to him” (the 
engineer of the line) “ and he will tell you—‘ We carry millions of tons 
on our line, and we ought to carry as many millions more without hurt, 
wete it not for So-and-So’s engincs ; they tumble and grind along and 
break down all befure them. What should be a perfect road for years, 
with not more than two men per mile to look after, isnow hammered out, 
in a8 many months, with five times the number of men to look after.’ ” 

Now, heavy trains combined with high speed require heavy engines, 
and cannot be adopted without extensive wear and tesr; but the Man- 
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chester and Liverpool Railway was for many years worked. by locomotives 
as light as those used on the Festiniog Railway, and I well remember 
the time when the southern division of the London and North Western 
Railway between London and Birmingham was worked. by small four- 
wheeled engines, scarcely one-third the weight of the present monster 
engines, 

There is no reason why light engines, and even wagons and carriages 
of a lighter character, should not be employed on railways of ordinary 
gauge, provided the specd be restricted. 

‘fo recapitulate. I am of opinion that the advantages claimed for the 
Festiniog line may be disposed of as follows :— 

The proportion of working expenses to receipts would be far greater than 
that of the average of English lines, were the rates of freight the same. 

The interest of 294 per cent. would dwindle down to a deficit, were the 
ordinary mineral rate charged. 

The advantages of dead load do not hold good in the case of lighter 
and more bulky freights than slate. 

The dead load of passenger traffic is due to traflic arrangements rather 
than to any specialty of construction. 

The sharp curves which are claimed as the principal cause of saving in 
constroction are not peculiar to the Festiniog gauge. 

Light engines and rolling stock may be employed without having re- 
course to the exceptionally narrow gauge. 

There are few lines Jingland in which the traffic descends by its own 
gravity, as on the Festiniog Railway, or on which the greater part of the 
traffic requires no power beyond the hauling back of the empty trucks ; the 
gradients are most favourable, being practically about 1 in 90 fur the 
whole distance, and yet the expenses per train mile are nearly double those 
of the average of English lines, and three times those of some of the 
trish lines. 

An endeavour has been made to show that the working expenses should 
be greater on the Festiniog linc, because the trucks are hauled back 
empty ; but on the other hand it must be remembered that the traffie 
is of such a character that the trucks one way may be filled to their full 
extent, and that as the traffic is ‘throngh” there is but little shunting, 
so that at lcast half the capacity of the trains may be considered to be 
utilized; whilst on ordinary railways, as a general rule, taking into ac- 
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count miscellaneous freights, half loads, and empty returns, scarcely more 
than one-third of the trains run can be considered available. 

Moreover, the comparison has been made betweon the working expenses 
of a low speed railway, and those of high speed railways. Now high 
speeds must be proportionally more expensive than low, the tractive force 
of 12 miles to that of 50 miles being about as 1 to 24, apart from any 
consideration of increased wear and tear from impact. 

In bringing forward arguments to refute the extravagant claims set up 
for the excoptionally narrow gauge, I do not wish to condemn either the 
light system or the Festiniog Railway. I believe that the former pos- 
sesses many advautages, and may be adopted with great advantage under 
suitable circumstances ; and the latter is a most interesting work, and 
reflects great credit on the engineer for the manner in which ho has over- 
come the difficulties of working so small a gauge, and for the successful 
introduction of locomotives on it; but Ido protest against the conclusion, 
that the facts elicited by the working of the Ffestiniog Railway prove its 
superiority over the ordinary gauge under all circumstances, as its sup- 


porters endeavour to show. 

Ti is not unusual when engineers bring forward arguments in opposition 
to the light system to consider that their opposition is actuated by “ an- 
tiquated notions ;” that they are attached to the orthodox plans to which 
they liave been accustomed all their lives, and that, consequently, they are 
averse to any change. 


{ bolieve, however, that my antecedents will free me from any such im- 
putation, and my past reports to the Government of Ceylon show that 
T have for yoars contemplated the introduction of light railways into 
Ceylon, should it be determined to open up certain mountain districts by 
railway communication ; it would, however, be, in my opinion, a great 
mistake to make a break of gauge in carrying out the extension to Gam- 
pola; the features of the country are such that little, if any, saving would 
be effected by the adoption of a different gauge from that of the main 
line, and as Gampola is a centre into which the traffic of several districts 
converge, it would be most unwise to have a break of gauge between it 
and the main line; for in that cvent it would be more advantageous to 
the freighters to cart their traffic a few miles further along the road to 
the main line rather than despatch them at Gampola to be subject to a 
change of vehicle after a few miles of railway journey. 
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The evils of a break of gauge are not to be overlooked, and the ad. 
vantages should be well marked to justify it. I feel sure that, if the 
Gampola Extension were to be laid to any other gauge than that of the 
main line it would, at some future time, be relaid to the proper gauge. 
The Arconum and Conjeveran Railway, not many years ago, was laid 
down on a 4-foot gauge and was intended to inaugurate a new system of 
light railways for India. There was no necessity in that case for any de- 
parture from the regular gauge, and I learn that it is now being relaid to 
the regular Indian gauge of* 5-6, after a heavy sacrifice of rolling stock 
and permanent way. I am strongly of opinion that reform in rolling 
stock is much more roquired than in gauge, and I think it would be well 
when any gauge has been once adopted in a country, to see how far it 
may be possible, by means of modern appliances for passing round curves, 
by engines specially designed for low speeds and by light rolling stock, 
to secure the advantages of a light railway, without having recourse to a 
break of gauge. 

{The above is rather old having been written in 1871, but may be interesting 


as dealing with some of the fallacies which have been put forward by the extreme par- 
tisaus of the Narrow Gauge. ] 


G. L. M. 
January, 1878. 


* This alteration was to have been carried out as a part of the Carnatic Railway System, but 
the Carnatic Railway having been amalgamated with the Grest Southern of India Railway, it Las 
been decided to alter it to the metre gaugo which has been adopted on the amalgamated lines. 


wu, L. M. 
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CONSTRUCTIVE DETAILS OF RACK-RAIL RAILWAYS, 


AND OF THEIR ROLLING STOCK. 
{Vide Plates L—XI1,] 


[From tnt GERMAN. | 


rd 


Translated and Condensed by Mason J. L. L. Morant, R.E., District 
Engineer, Nilgiris. | 


28th January, 1878. 
Iv is here proposed to give further particulars of this intcresting systent 


of Mountain lailways, the study of which will cnable us to admire the in- 
gennity and close atiention to details of its inventor, Monsieur N. Rig- 
genbach, and to desire its introduction into India, to which Country it 
seems eminently suited. The following particulars are obtained from the 
German Treatise :— 

“ Die Drei Rigibahnen und das Zahnrad-sysiem, beschrichen von Roman 
Abt, Constructeur der Maschinenfabrik Aarau,” printed at Zurich in 1877. 

In converting Foreign into British measures and weights, Rankine’s 
Conversion Tables, in his book of “ Useful Rules and Tables,” have been 
fonnd to save much labour and to insure accuracy. 

Rack-rai, Permanent Way.—Rack-rail lines have a similar perma- 
nent way to that of ordinary adhesion lines, with the addition of the 
rack-rail between the two outer carrying rails. In deciding upon the 
construction of this central rack-rail the chief endeavour was to obtain a 
simple form which would admit the teeth of the driving-wheel deep into 
the rack. 

Rack Teeth.—~ Life size details of these will be seen in Figs. 1 and 2 of 
Plate I.; the former figure gives a section of a tooth where the cog- 
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driving wheel grips it, and the latter where the tooth enters the cheek 
bars of the rack-rail. The teeth are cut from rolled wrought-iron bars, 
and the ends which enter the check bars of the rack are turned in a lathe 
and rivetted to thom cold. The maximum tooth pressure has beon taken 
at 6 tons. Using the formula 


el 


Pl bh? 4. 

jo — 7 4 

_Pe 

2 bh? 

where VP — 6 tons. 
i= 5 inches. 


we obtam the pressure K = 


be AG ny 
24-14 
( mean of oe 2) 
Gx5 15 160 |, 
: St Bast ae ae ate es — 1 eh 
Hence K = 5, ype = Ty 4a = ag = tons per square inch, 


which is one-seventh of the breaking weight, as will be seen on the ap 
posite pare. 

Rack-Rail.—figs. 3 and 4 of Plate IL., are sections of the rack-rail, 
which is entirely of wrought-iron and in lengths of 34 (3-27) yards. The 
clear length of each rack tooth is nearly 5 (4:9) inches, and the width 
of the cog-driving wheel is nearly 4 (5-978) inches; there is thus a play 
on either side of the wheel when engaging in the rack of nearly half 
(468) an inch, Jn the Vitanan-Rigi Line, which is as steep as 1 in 4, 
each locomotive has two pairs of angular jaws which ombrace the upper 
flanges projecting on each side of the central rack-rail: in the event of 
the wheels being lifted off the rails by a hard substance getting between 
the teeth of the rack, these jaws would catch against the flanges and hold 
the vehicle in its place. (See Fig. 3, Plate 1.) This precaution is con- 
sidered unnecessary in rack-rail lines with gradients casier than 1] in 10, 
TIence the section shown in Fig. 4, late J., where the upper Hanges are 
reduced to a little over one inch. 

The lowest tooth on the incline in each length of the rack-rail is ob- 
viously the most liable to be forced ont. For this reason the cheek 
plate joints are made unequal (sec r, 8, in the three figures of Plate IT.) 
The pitch or distance apart of the rack teeth from contre to centre is 
3°9 (or nearly 4) inches. In Mig. 2, Plate 1., it is eecn that the thick- 
nessa of the rack tooth shank, where it enters the check bars, is 1°65 
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inches: a play for contraction and expansion of -08 of an inch is allow- 

ed in the slot of the cheek bar, which the tooth enters : hence a balance 

of 2:17 inches is left (1°65 + -08 + 2-17 ='3-9 inches) of which one 

end of each rack bar has -81 inches, and the other 1-36 inches. 

Before constructing the first rack-rail very careful experiments on this 

point were made. The joint was first placed in the centre of the two 
2:17 


teeth, leaving ~;~- == 1-085 inches of solid iron: the tooth was then torn 


out by a weight of 26 tons. 1°95 or nearly 2 inches of solid iron was 
next placed beneath the tooth, when this thickness split with 42 tons. 
Hence the resisting power of the iron was fond to be in round numbers 
51,000 the., or 222 tons per square inch. 

Permanent Way.—Pliates II. and ILI. give longitudinal and cross- 
sections of three types of rack-rail permanent way. 

First type. Rack-rail level with bearing rails.— Figs. 1 in each Plate 
is ti at of the Vitznau-Rigi line. a, a, are the longitudinal timbers; 8, 8, 
the smooth carrying rails or normal running way. In the centre be- 
tween these latter is the rack-rail lying directly on the cross-sleepers. 
The two outer longitudinal timbers are notched into the cross-sleepers and 
bolted to them by strong screws. This stiff framing is then imbedded in 
ballast and packed in the usual way. As a security against any possible 
slipping of the framing on such a steep gradient as 1 in 4, it is also strong- 
ly secured at intervals of 250 or 300 feet to masonry foundations built five 
feet deep into the solid ground below, This security is not required on 
easier gradients. A short time back these longitudinal pine-wood sleepers 
were replaced by others of wrought-iron. On gradients easicr than 1 in 
20 these additional longitudinal sleepers can be dispensed with: even the 
Wasseralfingen line of 1 in 13 has no longitudinal sleepers. The central 
rack-rail ig fastened to the cross-sleepers in three ways; (i), the rack-rail 
lengths are jointed with horizontal fish-plates under both of the lower 
flanges (see m, n, Fig. 1, Plate 11.) of the rack-rail cheek bars: these 
fish-plates are attached to the cheek bars by six screws of which two (p, 
q; Fig. 1, Plate 11.) pass into the cross-sleeper; (11), the lower flanges of 
the rack-rail cheek bars are fastened to the three intermediate cross- 
sleepers by screws; and (iii), at 2, Fig. 1, Plate 11, angle-irons are 
rivetted to the lower flanges of the rack-rail and fastened to the up 
gradient side of each of these intermediate crossa-sleepers. 
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Second Type. Stack-rail raised above bearing rails by longitudinal tim- 
bers.— W here a rack-rail line has to be used all the year round, or in con- 
janction with other smooth rail or adhesion lines, it is necessary to raise 
the central rack-rail above the side carrying rails, so as to prevent its 
being choked in winter by suow or ice, or to enable the cog-driving wheel, 
by being elevated, to travel safely over the permanent way of the other 
adhesion lines. This is effected by laying between the side rails two lon- 
gitudinal timbers (a, a, Fig. 2, Plate 111.) to which the rack -rail is fastened. 
At each joint of the rack-rail which requires 12 screws (see Fig. 2, Plate 
ITI.) the four outer pass both through the lower flanges of the rack-rail 
cheek bars and through the longitudinal sleepers. The heads of the other 
eight fastenings, together with the fish-plates themselves, are countersunk 
into the longitudinal timbers. A channel (m,n, 0, p, 2%. 2, Plate UT) 
84 inches deep runs along the whole length of the permanent way. The 
centre of the rack teeth are thus 24 inches above the top of the side 
bearing rails. This construction has succeeded: such lines have been 
worked at all seasons, and inclement weather at high altitudes has had 
no greater effect on them than on ordinary adhesion lines. 

Third Type. Rack-rail raised above bearing rails by cast-iron chairs. 
The last improvement effected in the perinanent way was to substitute cast- 
iron chairs for the elevated longitudinal timbers of the second type. Figs. 8 
in Plates IT. and IIL. illustrate this third type. he chairs will be found 
figured in Plate LV. Four screws (a, b,c, d, ty. 1, Plate LV.) secure these 
chairs to the cross-sleepers and a lower rib (9, g, Bigs. 2 and 3) prevents 
these screws from being too severely strained. Three upper ribs (2, A, h, 
Figs. 2 and 3) accurately fit in between the cheek bars of the rack-rail and 
prevent lateral movement. The chairs are placed 93 feet apart from centre 
to centre immediately under the joints of the rack-rail, Hach length of the 
rack-rail is secured to the chairs by 4 screws, 2 at each end (see Fig. 8, 

Plates II. and I11.); the 2 screws at the upper gradient end of the joint 
allow a play for contraction and expansion ; at the lower gradient end of 
the joint an angle-iron (x, Hig. 3, Plate IT.) farther unites each chair to the 
lower flanges of the rack-rail cheeks. Between the two intermediate 
cross-sleepere and the rack-rail are inserted wooden blocks secured by 
screws (a, 0, Fig. 8, Plate 11.) The accompanying Table (No. 1) gives 
details of the permanent way of seven Rack- Railways. 

Racs-Ram Eyraancrs.—These are placed where the rack-rail ‘end 
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adhesion lines join, in order to facilitate the passage of the cog-wheel 
locomotive from the one to the other. In Vol. VI. of Indian Engineer- 
ing [Second Series], page 237, this arrangement was thus explained :—~ 

“In advance of the regular fixcd central rack-rail is a piece of central rail resting 
on a powerful elastic spring, the rungs of the rail ladder being at a greater distance 
apart than in the regular rail and diminishing by degrees in distance until the nor- 
mal distance between the rungs is obtained. The toothed driving-wheel of the loco- 
motive, on reaching the first rang or cog of the advance rail, presses down the elastic 
Bpring, ‘and its tooth drops down somewhere between the first and second cogs ; by 
this means the teeth of the driving-wheel, as it moves forward, are guided by degrees 
over the cogs of the clastic rail into the normal fixed rail, on reaching which the 
driving-wheel has adjusted itself to its proper position with reference to the central 
rack-rail, and its tecth work into the rungs of the ladder without a jar.” 

Plate V. illustrates this arrangement. In Hig. 3 of Plate V., at g, is 
shown # triple hinge, connecting the advance portion of the rack-rail 
with the normal rack-rail, The advance portion rests on two springs, 
one the spiral spring (m, x, Figs. 1 and 3), and the other the cross-spring 
(a, b, Figs. 2 and 3). The space between every two teeth of the advance 
rack-rail is -079 of an inch greater than it is in the regular rack-rail. 
And p, g, in Bigs. 1 and 3, are guide arms to prevent lateral motion. 

Lugn-TasLe Switcnes.—To shift vehicles from one line to another 
a special contrivance is necessary, the ordinary switches being rendered 
inapplicable by the rack-rail. This apparatus will be understood from 
Plate VI. It is essentially a segment of a turn-table. This turn-table 
or platform carries two complete rack lines, having carves with a radius 
of 590 feet. They carry an entire train. Their whole length is 44} 
and breadth 354 fect. The turning is performed by means of a crab (a, a, 
Hig. 1, Plate V1.) which works through shafting b, 6, the toothed wheels, 
c,c, into the rack-rails d, e; d,e. The entire turn-table rests on thirteen 
axles, and is assisted by three rollers (see loft hand #tg. 1) fixed in the en-~ 
closing wall, these rollers being required as the platform is on a gradient 
of 1 in 1632. 

Rouuixe SBrocn.—Locomotives. In addition to the illustrations which 
have appeared at page 219 of Vol. VI. of Indian Engineering, [Second 
Serien |, we give on Plate VII. a horizontal section (at the centre of the 
cylinders and wheel axles) of a cog-wheel locomotive used on the Oster- 
mundingen line. Ita cog-wheel axles are m, p,q, m, andn, z, ». The 
driving-wheel axle which is used on smooth rail lines is.a, a. ‘The con- 
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nection of this axle with the cylinders is made and broken by means of the 
clutches at K, K. The axle a, a, is a double axle; the inner one is of 
steel and bears firmly wedged on it the two cranks b, c; 6, c; the outer 
axle is of wrought-iron and carries the two driving-wheels 7, 7. The 
details of the arrangement at K, KX are given in Plate VIII. The spiral 
axle W carries at its extremities screws which communicate motion to the 
double lever W, ¥, 2; W, Y, 7 on its fulcrum Y, ¥. This double lever is 
connected at one end (VW) with the spiral axle, and at the other end with 
the clutch K by means of screws. Through the smooth bevel gearing at 
V the spiral axle W7 is turned aud the double spring lever W, Y, Z; 
W, Y Z, loosened or tightened as desired, thus communicating a corres- 
ponding loosening or tightening motion to the clutch at K. 

It has been found that the tires of the carrying wheels of a cog-wheel 
locomotive wear away by rolling friction, hence diminishing their diameter ; 
while the circumference of the cog-driving wheel remains in statu guo, 
there being no appreciable friction on the heads of the teeth. The dia- 
meter of the carrying -wheels is therefore made one-fourth of an inch longer 
than required by the diameter of the cog-driving wheel. Thus when the 
wheels are new the evil is at its maximum in one direction; and the evil 
diminishes until the driving and carrying-wheels are of the right relative 
diameters, when their condition is perfect; and then the evil increases to 
® certain point in the other direction by the diminishing diameter of the 
carrying-wheels until new tires have to be provided. Let us now enquire 
into the extent of this imperfection. ‘The adhesion weight of the Was- 
seralfingen locomotive is 103 tons. Taking the coefficient of friction at 
3th, the tangential force will thus be 3,454 tos. The wheel circumference 
is 96 inches. Hence this locomotive performs a mechanical work per 
inch of wheel circumference of 36 Ibs. And as the circumference of the 
carrying-wheel is three-fourths of an inch longer than that of the cog- 
driving-wheel:the whole excess of mechanical] work will be 86 x }? = 27 
Ibs. per revolution too much; which, by means of the couplings and other 
connections can have no appreciable retarding effect on the train. The 
whole mechanical work by the toothed driving-wheel in the same portion 
of time with a tooth pressure of 6,600 Ibs. is 16 tbs., or a maximum 
labour loss of nearly half per cent. But as the tires wear down until the 
diameters of the driving and bearing-wheels are equal, when there is no 
O88, and then wear down still further until the diameter of the driving is 
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. geeks than that of the carrying-wheels giving a loss in another direction, 
_ the average loss may be taken at one-fourth per cent, 
Table No. Il. gives the dimensions of seven-types of cog-wheel loco- 
motives. 
Locomotive Performances. 
Let G = total weight of the train in tons. 
x == the gradicut of the line. 
a and 4 = two constants, their values varying according to the 
resistance. 
v = the train speed in miles per hour. 
k == a coeflicient giving the increased resistance on curves. 
W = the entire train resistance. 
Then W = G | sca0 + (a+ bv) | , the resistance of the air and 
wind being omitted. 
The value of the constants may be taken as— 
a= -O0017 
6 = 00015 
The value of the coefficient £ varies, as it depends on the relative posi- 
tion of the wheels, of the axles, and of the couplings; but we will take 
it at-— 
On straight portions 
and up to curves of 2,624 feet radius, let us say & == 1:00 


On curves of L968) say re k == 1:30 
” ” ” 1,312 9 ) ”? k=: 1:90 
Py ” ” 984 7 ” ” A= 2°26 
” ” ” 820, ” 2 k= 2:50 
yy ” ” 606 3) u ” k == 2°80 
”? 7 Ba 290 ” ” ” k == 3:00 


The cog-wheel locomotives exert a tooth pressure of 6 tons, and travel 
at the rate of five miles an hour on curves of 590 feet radius. Hence in 


the formula 
Ww 


Pm fee pt a nn LY A nmin 
wee 


roar + (a+b vk 
W = 6; a==‘0017; 8 == -00015; 


v= 5; andk= §. 


Therefore G = oan = re 
066 ++ + 00735. | 
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Giving different values to x (the gradient of the line) from 0 or dead 
level up to 1 in 4, we obtain the different train weights drawn by the 
locomotive. These are graphically represented on Plate LX., where the 
gradients are the abscissx and the train weights the ordinates, the locomo- 
tive weights being below and the train weights above the horizontal axis 
A, A. Plate IX. also shows, for the sake of comparison, in a similar 
way the performances of a tender Jocomotive on the Engerth system as 
used on the Semmering, and those of a tender locomotive on the Uetliberg, 

The Semmering Line has curves of 590 feet radius, and the trains on it 
travel at the rate of 10} miles an hour on a gradient of lin 40. Their 
locumotives have a total weight of 66 tons, of which 194 tons fall on the 
two axles of the tender; hence the adhesion weight is 464 tons. The 
drawing power of an ordinary locomotive is found by multipliying the 
adhesion weight into the coefficient of friction which is on an average 4th, 
and in favourable circumstances }. The Semmering locomotive hence 


oS = 9383 tons. As 


a 
a 


65 


, ; 4 ‘ 4 
gives a drawing power of from ——~ = 6°65 tons to - 





before, 


ar 6°65 or O93 — 6650 or 9300 


z+ 9825 


Inserting the values of x from 0 up to 1 in 4, we obtain the performances 
on these different gradients. These are shown on Plate LX. in yellow 
and brown lines. 
Each of the Uetliberg locomotives, with 3 coupled axles, weigh 25 
Or OF 
tons, all available for adhesion. Llence = == 3:57 tons, and = == } tons. 


The train speed on curves of 590 feet radius is 124 miles. 


357 or 5:00 3570 or 5000 
Hence G=-, a 10725 
ane “O07 25 
juvoo 


Substituting as before the different values of 2, we obtain the blue and 
red curves in Plate 1X. 

Hence we observe from Plate IX. that on a gradient of 1 in 25 the 
Semmering locomotive (blue line) is only just able to drag itself along, 
and on steeper grades it cannot even do that. 

On Plate IX. by marking off the ordinates on the right hand vertical 

line, and from it towards the left hand marking the abscisse on the 

upper herizontal line the gradients increasing from right to left, we obtain 
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earves showing the ratio of the weights drawn to.the weights of the 
locomotive, the quotient of the former divided by the latter being. shown 
by the coloured curves. 

Some of the results of the readings of the curves from, Plate Ix. may 
be shown in the following Table :— : 


\ i 
Cog-wheel : Wetliberg Seramering 
Weights Locomotive Loconiotive Docomoties 


 eaieadmaahataningnieeen ae 


Under favourable 





nen Sere miele Senta pater ingame 





ae Me oe hn Me NR mn than OR RAST mI CHUTE: 








Train tons exclusive of locomotive. Continuously, ec hatonlaubae. 

50 lin 18 lin 10 Lin 80 
100 lin 23 | lin 14 | Lin 50 
200 Lin 50 lin 33 Lin 100 
300 lin 83 lin 60 1 in 200 

Train weights e sellin Os werghtis af the 
Once its own weight, ov lin 6 lin 52 lin 40 
Five times its own weight, a lin 20} lin 20° 1 in 200 
Ten times its own weight, ve Tin 42 | Jin 44 nowhere 
Twenty times its own weight, «+| Lin 84 1 in 100 nowhere 
Thirty times its own weight, ae lin 160 1 in 200 nowhere 





A cog-wheel locomotive at Wasseralfingen on a metre gauge weighs 11 
tons, and on a gradient of I in 122 draws a train weighing 28 tons, or 
22 times its own weight; whereas an Uetliberg locomotive weighing 25 
tons on 1 in 144 can only draw a train of its own weight. 

WEaR OF TEETH AND DURATION OF RACK-RAIL.—~Lhe results obtained 
from fourteen cog-wheel locomotives show that in a locamotive giving a 
teoth pressure of 6 tons, the average wear on the teeth is— 


*00000003761 of an inch at every touch. an 

The wheel-circumference is 10} feet and the maximum allowable wear 

“2358 of an inch, which wear will be reached after the locomotive has 
rn | Ae 
eer inie ton = 65784880 feet, 

=: 12450 miles. 
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Experience hag shown that the bare of the rack-rail wear out in the 
same ratio as the cogs of the driving-wheel ; but here a maximum wear 
of only ‘1189 of an inch can be allowed. Hence the tecth of the rack- 
bars must be renewed after 


"1189 a ie A) . 
perry Re 3135736 trains 


have passed over the line. In the rack-rail system the smooth side car- 
rying rails are not only cheaper at first but also cost less in repair than 
they do on ordinary adhesion lines. This is because the pressure on 
them is never greater than 4} tons, and because no break is ever applied 
to the smooth carrying wheels which run on loose axles. 

Passenger Carriages.—-In manufacturing these every care was taken to 
reduce the weight of each carriage, and this has been done although each 
carriage possesses a cog-whecl brake. On ordinary adhesion lines a 
carriage on two axles weighs at least 440 Ibs. dead weight per seat, and 
sometimes as much as 911 ibs. But on the Vitznau Rack-Rail Line this 
dead weight is only 163 and 194 tbs. Plate X. gives a graphic repre- 
sentation of the carriage resistances on one rack-rail and on three adhesion 
lines. The gradients are drawn as abscissx, and the resistances as ordi- 
nates. The right hand lines give the resistances per carriage, and the left 
hand lines those per seat, in a similar manner to Plate IX. These re- 
sistances have been calculated from the following formule, in which the 
weight of the carriage is alone taken into consideration, the other resist- 
ances being almost identical in the four cases which are compared. 

Resistance mado by weight w == D X a Ibs. .......csccceeeeeeeeseceeee(I), 





and No. of ibs. pulling on each seat a = xe iwidingareeeredeee (ll); 


where P = weight of empty carriages in Ibs., 
x =: the gradient, 
2 =: the number of seats in each carriage. 

Applying these formule :—-On a rack-rail incline of 1 in 40 a Vitznau- 
Rigi carriage having 54 seats weighing 8,860 tbs. when empty, causes 
in consequence of this weight a resistance of i == 220 ths. according 
to formula (i); or a little over 4 ths. per seat by formula (ii). [See 
black line on Plate X.] A Srd class carriage on four axles of the Swiss 
Central Line having 72 seats and weighing when empty 11} tons, or 24,750 


1 gy 
Nos. has similarly a resistance of sa O = 618 ths., or 8] fbs., per seat. 
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[See red line on Plate X.] A donble carriage with 1st and 2nd class 
apartments on the Swiss North-East Line on four axles with 52 seats 


and a dead weight of 23,050 Ibs. gives a resistance of — == 7014 hbs., 


or 13} ths. per seat. [See blue line on Plate X.] A double carriage 
with Ist and 2nd Classes on the same line on two axles with 26 seats and 








28,650 ibs. dead weight gives a resistance per carriage of ao o == 592 
tbs., or of 22 ths. per seat. [See yellow line, Plate X.} 


Plate XI. illustrates 2 Goods’ Truck : and Table III. gives the details 
and dimensions of the Rolling Stock. 


Worgina Exrenxsrs.—Table 1V. gives details of the annual working 
expenses of three of the Rack-Rail Lines in Switzerland. 


Fuel, Grease and Oil.—In 1875 the Vitznau-Rigi Line comsumed 


773 tons of coal, or per locomotive mile, oe = we 102 Ths, 
2} »  cog-wheel grease, or per locomotive mile, 0°30 ,, 
42 » engine oil, or per locomotive mile, » 064,, 
The mountain portion of the Arth- Rigi Line consumed 
4114 tons of coal, or per locomotive mile, PP o« 79% ths, 
2} »  cog-wheel grease, or per locomotive mile, 0°42 ,, 
5 » engine oil, or per locomotive mile, o» O97 7», 


Srations.—FPiate XII. illustrates two stations of the 1st and 2nd class. 
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PLATE 1[ 


DETAILS OF THE RACK-RAIL TEETH, AND CHEEK BARS. 
Seale for Figs. 1 and 2, fell sise.—Figs. 3 and 4, § full size. 


Fro. 1. Fra, 2. 
SECTION OF THE RACTK-TOOTH SECTION OF THE RACK-TOOTH 
AT AB FIG. 3. AT CD FIG. 3. 
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LEAVES FROM A CONSULTING ENGINEER’S NOTE. 
BOOK. 


By Cov. Meoiey, R.E., Consulting Engineer to Govt. for Railways. 
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TITS Meh ee 8 ee gens ne ger 


Tuis Railway runs from the Ghazeeabad junction (with the East India 
Railway) 12 miles from Delbi, vz7@ Meerut, Saharunpore, Umballa, Loo- 
diana, Jullander and Umritsur to Lahore, and thence to Mooltan, and on 
tu the Shere-Shah Ghat on the Chenab, a total length of 554 miles. 

The Sindh Section comprises only the line from Kotree on the Indus to 
Kurrachee, a length of 110 miles. 

Lhe communication between Kotree and Mooltan is for the present 
maintained by the Indus Steam Flotilla, over a length of 075 miles of river 
navigation, which will shortly be supplemented or superseded by the open- 
ing of the Indus Valley State Railway. 

The most important Engineering works on the line are the bridges 
over the Sutlej, Beas, Junina, Markunda and Guggur. 

All these bridges are of the same class, varying only in details, consis~ 
ting of a series of wrought-iron lattice girders, 80 to 110 feet span, sup- 
ported on single well cylinders 124 feet in external diameter, sunk fora 
depth of about 40 feet in the sandy beds of the rivers. 

Tho experience of several years has now shown that the general design 
of these structures is faulty, certainly as far as the large rivers are con-~ 
cerned; Ist, Because the numerous piers of the short spans obstruct the 
waterway too much; 2nd, Becanse the pier cylinders are sunk to an in- 

depth and are not safe from being sconred unt; 3rd, Because 
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the single piers are deficient in lateral stability. Stone in enarmous 
quantities has had to be used at a very high cost, both to protect the piers 
and abutments, and in the construction of groynes for guiding the stream. 
The country generally through which the line runs is flat and open; 
between Lahore and Mooltan it is for a considerable portion of the way a 
perfect desert, which however only wants water to produce good crops. 
Between Lahore and Delhi the country is well cultivated and populous. 
The Permanent Way consists partly of iron double-headed reversible rails, 
G8 ibs. to the yard, and partly of steel topped double-headed non-reversi- 
ble rails, GU tbs. to the yard. The latter have not worn yell; the steel 
separates from the iron and comes off in flakes; these will gradually 
be replaced by solid steel rails.. The sleepers used are partly deodar 
and partly Greaves’ cast-iron pots, which on this line have answered 
well. : 
There is nothing specially noticeable in the Stations, which are (like 
those of many other Indian lines) deficient in proper accommodation for 
the Srd class native. passengers. Waiting sheds are however now being 
erected. | 
The Locomotives burn coal between Ghazeoabad and Lahore; wood 
between Lahore and Mooltan. There is nothing specially remarkable about 
any of the Rolling Stock, except the double-storied 8rd class carriages used 
for the Lahore and Umritsur local trains. 
The following figures give the most important data in reference to the 
e, for the half- -year ending Jane 30th, 1877 :— 


Total. length, oe os oe 664 mi les, 
Total Cost ineluding Rolling Stock, is ae #£9,558,576 
Cost per mile, at os ay re £14,406 


Net profit on Capital (per cent. per annum) 3-4. 
For Punjab Section only—Shere Shah to Deihi, 554 miles. 


Receipts for half-year ending 30th June, 1877, .. Ks. 31,77,402 
Expenses, ee ee ee oe oe ” 18,95,391 
Percentage of Working expenses to earnings, .. 59°6 
Cost per train mile, .. oe Pe a Rs, 8-02 
Receipts per mile of Railway per week, oe ‘ 220 
Number of stations, .. ae rr) 59 : 
Average distance apart, os +» 65 miles. 


Number of Locomotives actually employed, 569 
} Number of Passenger carriages,., 426 
‘ » Goods’ Wegons, .. 1,895 
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Nantber of trains run per day in cither direction :— 


Mail, ee es ae 
Local, .» 
Mixed,. a 
Goods, 


oe ae 
e@ ee 


ae o. 


es 


ae 


ee 


oe I 
on 3 
oo ! 
-- £to6 


oe ee 


ee ee 


The following are the principal fares and rates charged on the line: — 
Passengers per nule. 


Tat class, ae 
2nd sy; 
Intermediate, 
Srd class, 


on an 


oe 


ee ae 


a¢ 


ee 


d, 
ve 9 4 wh 
4% ” = yy 
Sand2},, = § and gd. 


ve 


Goods per mile. 
da. 
Special class, J pic per maund, oe «+» == ‘85 per ton. 
tat. 93 t ” os » —= il rv 
gnd ” f y ee ° — I 7 ” 
urd » ¢ " = = 23 re 
4th #3 % chy ee es — 2°8 cP) 
Sth t J at a» ve — 34 » 
Analysing the Receipts fur the half-year, we find them to be aa fol- 
lows :—— 
Passengers. 
No. carried. Amount received. 
RS. 
Ist class, .. a oe i 8,696 71,496 
2nd ,, we ee es oe 23,106 88,265 
Intermediate, oe e oe 10,301 20,956 
3rd class, .. - 5 ..  12,68,143 9,81,428 
Luggage, (ton miles, ) es es —:1,99,823 54,435 
The average distance travelled by a passenger was 65 miles. 
Goods. : 
Tons lifted. Receipts. 
RS. 
Special, .. - rv .» 157,576 7,23,136 
Ist class, .. = i .» 26,240 2,53,242 
2nd b>} aan e¢ ae ve 17,792 2,56,780 
Srd lee oe ae ee 9,130 1,71,685 
BU ais +“ - 2,084 48,666 
Sth 4, ae - ae 1,037 95,612 


The average distance travelled by a ton of Goods was 149 miles. 
The value of the Goods Traffic : Passenger Traffic :: 4 : 3 nearly. 
Analysing the Expenditure for the same half-year, we find the division 


to be 


Maintenance, — - 
Haulage, .. 2. 
Working, .. 


ae 
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The cost of maintenance was exceptionably high during the half-year, 
as it included part of the charges for the repair of ® serious break in the 
Butle} Bridge. 

The cost of Haulage (2. ¢., Locomotive and Carriage expenses) on this 
line is always high on account of the heavy cost of coal, which has to be 
brought from a distance of 900 miles by railway. 

Working of course includes Establishment and Traffic charges. 

The principal Staples carried over the whole line are as follows in order 
of their importance :— 


Tons. Keoesipta. 
Ra. 

Food Grains, .. - a .. 180,507 5,88,059 
Oil-seeds, 38 ge . 40,422 3,69,803 
Piece Goods, .. we ‘2 ne 7,465 1,638,510 
Sugar, ea ais a ae 13,847 1,57,612 
Cotton, 3 oe =i a 7,250 1 ,25,867 
Metals, es Po -s ea 8,708 1,04,074 
Wool, ex ia oe 8,922 97,041 
Fruits, freah and dried,. v Be 3,844 48,827 
Salt, " - og se 8,917 42,410 ' 
Hides and horns, ee - ey 2,471 33,213 


Besides Railway Materials and Military Stores ‘td a large amount. 


From an inspection of the above data it may be noted on this as on 
other Indian lines— 

Ast.-That the Goods Traffic is more important than the Passenger 
Traffic. Thisis doubtless owing partly to the poverty of the people, part- 
ly to the bulk of the population being scattered in villages inatead of 
being concentrated in towns, which of course is dune to India being an agri- 
cultural, rather than a manufacturing, or commercial, country. Bat it is 
also due to the fares for the latter being comparatively higher than the 
:rates for the former, as will be seen by a note further on. 

2nd.—The immense importance of the 3rd class passenger traffic as 
as compared with that of the other classes, the number of 3rd clasa pas- 
sengere being 96 per cent. and the receipts 84 per cent. of the whole. 
This of course is only what might have been expected, but it is only of 
late years that it has been recognised as a fact to be acted upon. 

8rd.—The very great importance of the lowest and cheapest class of 
Goods as compared with the other classes, the special or lowest clase fur- 
nishing 73 per cent. of the quantity and 49 per cent. of the wae receipts 
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from Goods; while the 4th and 5th classes together, being the most 
valuable intrinsically, farnish less than 2 per cent. in quantity, and only 5 
per cent, in earnings, of the whole. It will be seen that the two most im- 
portant staples are the Edible grains and the Oil seeds, both of which are 
now largely exported to Europe. 

The wheat export trade has sprung up suddenly within the last 3 or 
4 years, and under the stimulus of a succession of good harvests here and 
high prices in Europe, has quite exceeded the carrying capacity of the 
Rolling Stock which is now being largely increased to meet it. Of course 
with such a commodity of small intrinsic value, and which has to be car- 
ried 1,600 miles to the sea-board, the margin of profit is very small, and 
any rise in the price here, or fall in the price in Europe, at once affects 
the trade very sensibly. The area of land suitable for wheat cultivation 
in the Punjab may, however, be almost indefinitely extended ; both climate 
and soil are favourable ; water is the one thing needed, and it is to be hoped 
that the construction of Irrigation canals down the centres of the Doabs 
will not be much longer delayed. That, and the immigration of some of the 
surplus population from the more densely populated parts of the country, 
appear to be the trne remedies against future famine. The expenditure of 
large sums in irrigation works where the population is already too dense ap- 
pears to be a mistake, ag it is a direct stimulus to still greater fecundity. 


India being a poor country and the importance to the Railway of the 
poorest items of Passenger and Goods’ traffic being now conclusively proved 
by the experience of all tho Indian lines, it is good policy to accept these 
facts and do all that is possible to encourage such traffic so as to make up 
by number and quantity what is lost in intrinsic value. This considera- 
tion points to what are now pretty well recognised as the principles on which 
the administration of an Indian Railway should be constructed :-— 

1st.—Cheapness of fares and rates, for the people and goods’ carried are 
both essentially poor, 

2nd.—QOheapnoss of carriage to the rail by the construction of good 
roads or branch lines. . 

3rd. Adaptation of stations, carriages and the train service generally 
to the wants and ciroumstances of the great bulk of the population. 

4th,——Speed js so subordinate in importance to economy of transit, espe- 
cially where fuel is go dear, that it may be said it should practically be 
regulated simply by the carrying capacity of the line. 
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Ist and 2nd class passenger traffic is carried at little if any profit. 
The number of 1st class passengers is not susceptible of much increase or 
decrease, and the fares and accommodation provided* must be settled by 
other considerations than those which obtain for the 3rd class. This is 
not so much the case with the 2nd class, which, it is believed, might be con- 
siderably increased on most lines by some redaction of fares; it is certain- 
ly more elastic than the Ist class. There appears however, to be no ade- 
quate reason for the very great difference of fare at present charged to Ist 
and 2nd class passengers respectively, when there is so little difference in 
the accommodation provided. 

‘The tendency of late years, after considerable discussion of the subject 
of 8rd class fares, has been to fix the lowest possible rates. It is now 
pretty well recognized that the difference in value of money in the two 
countries is so great that what would be a very low mileage rate for an Eng- 
lish labourer or mechanic might casily be a very high rate for an Indian 
coolie or mistree, and that when the average distance to be travelled is 
taken into consideration, such a rate would be positively prohibitory. The 
rate generally adopted on the State lines is 2 pies per mile, and it should 
certainly be looked upon as a maximum. If the bulk of the population is 
to be induced to travel, and if they do not, very few of the lines can pay— 
then a 1 pie ratet will eventually have to be adopted. 

If a 6 ton wagon load of grain can be hauled for a mile at a fair profit 
for 6 pies per ton mile, it is evident that a carriage load of 50 passengers 
can be hauled the same distance at a greater profit for 1 pie per passenger, 
for the latter requires less weight to be hauled and costs less to handle. 
No Indian Railway should lose sight of the fact that passenger traffic 
pays far better than Goods, but like the latter, it can only be secured by 
excessively cheap rates. . 

Moch has been done of .late years to facilitate the convenience of tra~- 
velling to the only paying class of passengers. They are generally treat- 
ed with civility and consideration and most of them have now-a-days be- 
come experienced travellers, alive to their rights and well able to take-care 

ad auiiseg other improvements lately introduced (on this particular line at least} may be men- 
tioned the adoption of punkahs in first class carriages. The punkah bar runs the whole leugth of 
the carriage aad is made to oucillate by a simple crank and lever, worked by a coolie seated either 
in an end compartment, or on a ralled platform onteide one end of the vehicle. es 

¢ That many traveliers still go long distances on foot over the roads parallel to the railways, 


simply because they cannot afford to pay the present fares, way easily be aecerlained by observation, 
and enquiry, and so long as ttis ia the case, it in reasonable to conclude that ihe present faces are 


too high. 
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of themselves. Comfortable Waiting Sheds are now provided on most of 
the lines. Water and refreshments are available at the Stations, the car- 
riages are seldom overcrowded and are fairly lighted, and separate ones are 
provided for the women. Something still remains to be done in facilitating 
the procuring of tickets, the ingress and egress into and out of trains, and 
such arrangements as will induce the better class of natives to pay some- 
what more for better accommodation than the million. 

Much also remains to be done in devising a better form of carriage for 
3rd class passengers, those at present in use being ill-adapted to their 
purpose by reason of their utter want of convenicnce for the offices of 
nature, which on along journey is a serious matter. It is submitted that 
the American form of carriage, with end doors and platforms and a cen- 
tral passage, is the only one yet devised to meet this want, and that on 
this and on other grounds its adoption is deserving of serious consideration. 

The arrangements for issuing tickets, especially during great rushes of 
traffic, are still very defective ; and by causing great delay and discomfort 
to travellers must to a certain extent choke off traffic. Something has 
been done on the Sindh, Punjab and Delhi Railway to facilitate matters in 
this respect, by introducing movable ticket boxes so as to increase the 
uumber of booking ; laces at stations. But asimpler and more effectual 
plan would be, to sell tickets like postage stamps at duly registered offices, 
which could be used ou any day at the traveller’s convenience. The only 
objection made to this is the risk of forgery, but this objection is equally 
applicable to the case of Stamps or Bank Notes. 

The great mass of the population being located in villages, and not 
concentrated in towns, it is evident that the Stations should be corres- 
pondingly arranged, and that small stations at short distances apart are 
required for the rural population. To encourage the local traffic, the 
train servive should be so arranged that the villagers can ran up to the 
nearest large town on the line in the morning, attend the markets or the 
courts and return to their homes in the evening. This has lately been 
carried out to some extent on the Sindh, Punjab and Delhi Railway, 
nine new road side stations having been opened and convenient Socal 
trains established on three sections of the line. It is now proposed still 
further to increase the number of stations ; and if daily retarn tickets at 


reduced fares are issned, it is probable that a yery large local traffic would 
spring up. 44 


t 
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In the Goods’ Traffic, the State Railways have taken the lead in sinspli- 
fying the classification of goods which (like the carriages) waa simply 
copied from English practice, by reducing the number of classes from 6 
to 4. And seeing (as was shown above) that the two highest clagses of 
Goods form so small a percentage of the whole, the loss by transferring 
them to the third class would probably be more than recouped by the 
additional quantity carried, while all simplification of arrangements tends 
more or less to economy and increase of traffic. 

What is still required to increase and develope the goods traffic on as 
on other Indian lines is—Ist, An increase of Rolling Stock; 2nd, A pro- 
per area of covered sheds at the stations so as to protect the Goods from 
rain and to enable the wagons to be loaded and unloaded conveniently ; 
3rd, In some cases, provision of Warehouses where Goods can ba Stored 
at a fixed charge, while waiting carriage on or off the line. 

Another measure for increasing the Goods’ Traffic has lately been initia- 
ted with considerable success, and that is, the establishment of Railway 
Offices in towns within a few miles of the line, at which Goods can be re- 
ceived, booked and paid for—and from which they will be carted to the 
line by the Company. It is hoped that this system will soon be extended 
go as to include every important town within 30 miles or so off the line. 

Of course the system might be extended so as to include passengers also, 
who should be able to procure their tickets at these local offices and might 
be conveyed in horse, bullock or camel vans at cheap rates to the station. 


In order to develope the traffic properly on this Railway, the following 
branch lines would seem to be required :— 

1.—Uritsur to Puthankote, 70 miles long, to serve the trade and 
population of the Upper Baree Doab, it would also subserve the traffic 
with the Hill Station of Dathousie—and the produce from the Kangra 
Valley and the adjacent parts of Kashmir. 

2.—Jullnnder to Hoshyarpore, 25 miles long, bringing the produse of 
the Kangra Valley to the line. 

$.Losdiana to Ferozepore, 76 miles Jong, connecting the line. with 

a rich and populous agriculiural district and with the important arsenal 
of Ferozepore, 

4.—Umbaila to Kalka, 40 miles long, counecting ae line with - 
Hindustan and Thibet road und with Simla. oe . 
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Besides these, a junction with the Oudh and Rohilkund Railway, by a 
branch from Saharunpore wd Roorkee to Moradabad, bas also been pro- 
posed and will doubtless be carried out. 

Of the above four lines, the 8rd has been already surveyed and it is pro- 
posed to continue it by bridging the Sutlej at Ferozepore and thence effect- 
ing a junction with the Lahore ana Mooltan line by a branch of 25 miles 
to Raiwind. Much of the trade which now goes down the Sutlej in boata 
would it is thought be thus diverted to the rail. 

It is believed that all these branches (except No.4) could be construct- 
ed as light, broad-guage lines with 45 th. rails (limiting the speed to 
15 miles an honr,) for £4,000 per mile without, and £5,000 a mile with, 
Rolling Stock, and that a traffic amounting to Rs. 120 per mile per week 
could, without doubt, be secured, which would pay 5 per cent. interest on 
the capital, allowing 60 per cent. for working expenses. 


From Lahore northwards, the railway is continued by the Punjab North- 
ern State Railway, which is at present opened for a distance of 100 miles to 
Jhelum on the narrow or metre guage, the rails for the first 60 miles being 
laid on the (irand Trunk Koad. The new broad-gange line will however be 
shortly opened, and will be continued to Rawul Pindee, 68 miles further. 

The greatest works in the Lahore and Jhelum line are the bridges over 
the Ravee, Chenab and Jhelum, the second being the longest in the world. 
They all consist of iron lattice girders about 150 feet span, carried on 3 
cylinder wells of brick masonry sunk 70 feet below the bed. 

The Jhelum and Rawul Pindee line will also crores several Jarge streams, 
and the cuttings and emhankinents will be of an exceptionally heavy char- 
acter, the gradients being as stecp as 1 in 5. 

Branches from Lala Moosa (near (roojerat) to Pind Dadan Khin (the 
famous salt mines) and thence probably to Shahpore, and from Wuzeer- 
abad to Sealkote, will doubtless before long be projected. 

The traffic on the opened portion of the line has developed itself in a 
very encouraging manner, necossitating 3 long passenger trains each way 
daily, besides several heavy goods trains. ‘The cheapness of the fares has 
doubtless had much to do with this, the charge being made by “station 
distances” and the average rate per mile for a 3rd class passenger being 
only 1% pie, Ist and 2nd class fares are also only half those charged 
per mile on the Sindh, Punjab and Delhi Railway. 
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Beyond Rawul Pindee, the line will probably eventually be continued 
to Attock and Peshawar, the present frontier of the Empire in this direc- 
tion. Beyond Peshawur, it is not likely that any line to Central Asia will 
ever be contemplated owing to the extraordinary difficulties of the country. 
A more promising line would appear to be from Rawul Pindee to Kohat 
(crossing the Indus at Kooshalgurh) and thence vid Thull to Cabul. But 
the best and easiest line to Central Asia is doubtless one from the Indus 
Valley line vid the Bolan Pass to Kandahar and Heerat. It is possible 
that military or political considerations may urge the construction of either 
of these lines upon us sooner than merely commercial considerations would 
otherwise warrant. A military line of railway from Kohat down the whale 
of our Trans-Indus frontier to Sukkur has even been talked of, and in the 
event of a great frontier war would doubtless be of first class importance, 
but the poverty of most of the country and its difficulty in an Engineer- 
ing point of view, will probably necessitate its being deferred for many 


yeare to come. 
J. G. M. 
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SHORT NOTES ON MOUNTAIN RAILWAYS FOR INDIA, 
WITH A DESCRIPTION OF SEDGWICK’S PATENT 


HYDRAULIC LIFTS FOR HILL STATIONS 
{ Vide Plate. ] 


By Carr. W. Sepewick, R.E., Temporary Depy. Consulting Engineer 
for Guaranteed Railways. 


subject of Mountain Railways should be, for many reasons, an 
interesting one to people in India. 

First, because all who have heen in the hills must have felt the in- 
convenience of our present primitive modes of conveying passengers and 
luggage between the plains and hill stations, since these modes of con- 
veyance by their ronghness cntail a great amount of discomfort upon all 
travellers to the hills, and by their slowness and costliness oblige us to 
abandon the bright and pleasant inner ranges of the Himalayas, and to 
place our hill sanitaria on the outer ranges where, whenever rain-falls, 
they are enveloped in the mists which roll up from the plains, and are 
cheerless and gloomy in the extreme. With the introduction of Mountain 
Railwaye which can run straight up any hill side, can penetrate, by going 
up and down across intervening ridges, to any distance into the interior, 
and can bring the magnificent sites in the interior of the Himalayas 
within a few hours’ journey of the plains, residence in the hills would lose 
most of its inconveniences, and would become much more enjoyable and 
more invigorating than it is now. 

Secondly, because there are now in the Himalayas and other hill ranges, 
locked up for want of the cheap and quick means of transport which 
Mountain Railways alone can supply. sources of wealth, practically inex- 
haustible, in the shape of large tracts containing valnable minerals now 
untouched, of splendid forests, containing timber of great value for all 
purposes in which woodwork ia used, now left to rot on the hillside, and 
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of millions of scres of ground now uncultivated on which, if areas for 
forest reserves were set aside, stock and crops of all kinds could be raised 
in abundance, and work be found for all comers. For on the hills in 
India climates and soils of all kinds can be found; the temperature varies 
from Arctic cold on soine of the hill tops to I'rupical heat in the valleys ; 
the rain-fall from 10 or 20 inches in the inner ranges, and in the north- 
west to 600 inches on ranges facing the ocean and towards the north- 
east; and the soil from clay or rich vegetable mould to light sand. 

Thirdly, because while there is a dearth of labour in the hills, there 
are in the plains poor Kurvpeans and Eurasians in plenty wanting work, 
and natives in millions who are now in many districts pressing 80 hardly 
upon the svil that if the principal crops fail but for one year a famine is 
inevitable, and for these districts conseynently further outlets for emigra- 
tion are urgently required, the more so becuuse the famine relief policy 
now inaugurated by Government must tend tu increase the population 
ia over-pupulated districts without proportionately increasing the means 
of production, If the hiils were opeued up by Mountain Railways, 
settlers would be able to find mnarkets for their surplus produce, and we 
should be able tu envourage poor Europeans to come to India instead of, 
as now, deporting them ; for then every additional Huropean settled in the 
hills would be an addition tu our strength, by facilitating the formation 
of a body of militia or volunteer reserves, Also with the bills opened 
up there would be foud and work in the warm valleys and on the lower 
slopes, where irrigation from muuntain streams can always be practised 
fur any number of natives from over-populated or distressed districts, and 
fodder and grazing ground for cattle. : 

A famine relief policy must tend to make famines more and more 
frequent in occurrence, and therefore such a pulicy must in the end, from 
very costliness, give way to a famine prevention policy. An old proverb 
says, “‘ prevention is better than cure,” and it is plain that money spent 
simply in famine relief must tend to impoverish the country, while money 
rightly spent in famine prevention must tend to enrich it by increasing 
its productiveness, directly or indirectly. As the rains do not fail alto- 
gether on the higher hills in seasons of drought as they do in the plains, 
it is clear that the hills, if opened up, will be able to play a very impor- 
tant part in famine prevention ag well as in famine relief. 

Lastly, because we have in India a splendid European army now, scat- 
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tered over the plains, where its ranks are thinned abnormally by death and 
by invaliding ; whereas if Mountain Railways, in connection with Branch 
Railways already constructed or projected, were introduced, we should be 
able, provided that workshops and other important points on our railways 
were held by detachments of Jinropean troops in fortified posts, to con- 
centrate to a great extent our Kuropean army in strong positions in the 
hills, where the men could be kept in vigorous health (medical statistics 
have shown that Ruropean soldiers, if given healthy employment in the 
hills, will enjoy as good health in India as in any other country in the 
world), and whence we should be able to strike, in the event of any dis- 
turbance occurring, vigorous blows at once at any points threatened, and 
should not, as perhaps might be the case now, hare to waste precions time 
in collecting a scattered foree. The danger of a disturbance on an exten- 
sive scale occurring is doubtless not very great just now; but it may be 
possible that the present generation of natives do not look on our rule ag 
such an unmixed blessing as the Jast one, more familiar with the oppres- 
sion and misrule which preceded our advent, did; and it is certain that 
few natives now, except bankers, hunneahs, and other kindred spirits, have 
much to lose. Hence when Russia gets near enough to India to send 
her emissaries over it, 1t is not Iikely that India will remain quiet as it 
is now. 

However, it is not to be snpposed that Government can afford to lay 
out all at once large sums in building new barracks, forming military 
settlements, &e. &e., im the hills, but our many flourishing stations and 
tea and coffee plantations in the hills show clearly that if Government 
were to open out gradually main lines of communication with the most im- 
portant of the hill districts, private enterprise would not be backward in 
completing the opening up of the districts. Hence if, in addition to con- 
structing Mountain Railways at a few places where they are most wanted, 
any new barracks required for our troops were in future built in selected 
positions in the hills instead of in the plains, the rest would follow in 
time when the revenue is increased, as it must be, by revenue from the 
districts opened out in the hills. 

Tt is plain, then, that useful employment could be found for Mountain 
Railways in India; it remains, therefore, to show that such railways can 
be cheaply constructed, and cheaply and safely worked. And in doing 
this, experienced gained on Mountain Railways in other countries can be 
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availed of, for the subject of Mountain Railways has attracted a great deal 
of attention in Europe and America within the last ten years, and many 
such railways have been constructed on several systems, some of them 
with complete success, both from a mechanical and from a financial point 
of view. The different systems of Mountain Railways now in use may 
be grouped under two classes ; first, Mountain Railways with locomotives ; 
and second, Mountain Railways with ropes. 

But in a country such as India, which though populous and natu- 
rally fertile is yet now in a very poor and backward state mainly for want 
of facilities for con:munication between its labour producing districts and 
its districts where labour is scarce, and for want of cheap and quick means 
of carriage for its surplus produce, where consequently cheapness is in all 
undertakings a most important consideration, and cheap carriage a vital 
necessity and where water power, which on a» hill side is just as effective 
as steam power, can be cheaply worked and cheaply obtained, wherever 
there are hills by constructing tanks or diverting streams, it would seem 
unreasonable to propose to use a power such as steain, the employment of 
which involves heavy outlay in construction and heavy working expenses. 
We may therefore dismiss from consideration with a brief notice the sys- 
tems of Mountain Railways worked by Locomotives, with which Water 
Power cannot be used and against which, for use on hills in India, as will 
be seen hereafter at page 21, more formidable objections even than costli- 
ness exist, and confine our attention principally to the systems of Moun- 
tain Railways worked with Ropes on which Water Power can be employed. 

We note, therefore, that there are two systems uf Mountain Railways 
worked by locomotives in use, viz., the Rigi and the Fell, both of which 
require a central rail of a peculiar form in addition to a pair of ordinary 
rails, involving great expenditure in the construction of the railroad. In 
the Rigi system the central rail is in the form of a rack or ladder, and 
the locomotives have cogged-driving wheeleé which engage in the rack or 
ladder, and thus force the locomotive to ascend the incline on which the 
raile are laid. The Rigi Railway opened in 1871 was the first railway of 
importance constructed on this system, it is 34 miles long, has maximam 
gradients of 1 in 4, 1s worked at a speed of 3 or 4 miles an hour, and 
cost, when completed, about £26,400 per mile.— Vide Proceedings of 
Institute of C. E., Vol. 36, page 103; and Roorkee Professional meee 
on Indian Engineering, Second Series, Vol. 6, page 227, , 
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In the Fell] system the central rail is raised above the side rails and is 
gripped by pairs of horizontal wheels. The bite of the horizontal wheels 
increases the adhesion sufficiently to enable an engine weighing 30 tons 
to take a gross load of 52 tons up an incline of 1 in 12, at a speed of 10 
or 12 miles an hour. This system was first used at the Mont Cenias, 
temporary summit line opened in 1867, which had maximum gradients 
of 1 in 12, and was laid on an existing carriage road at a cost of about 
£7,000 per mile.—-See Procecdings of Institute of C. E., Vol. 26, page 
313; also Roorkeo Professional Papers on Indian Engineering, page 
272, Vol. 4, Second Series. 

We can now turn our attention to Mountain Railways with ropes, of 
which there are two systeins in use; first, railways with ropes worked by 
stationary engines, with which loads ean be run both up and down inclines ; 
and second, railways with ropes worked by self-acting inclines, which are 
used only to run Joads down inclines. 

With railways with ropes and stationary engines the carriages are 
attached to a rope which is cviled round a large drum driven by a sta- 
tionary engine; by causing the drum to revolve the carriages are wound 
up or lowered down an incline. The stationary engine can be placed 
either at the top or the bottom of the incline. 

The most important railways recently constructed on this system are 
tha following, viz. :— 

First.—The Leopoldsberg Railway near Vienna, which has a rise of 
1,125 feet in a length of 2,378 feet, and consequently an average gradient 
of about 1 in 2. On this railway a passenger car of two stories, capable 
of carrying 100 persons, is attached to each end of a steel wire-rope, and 
in addition to the drawing-rope a second rope of the same strength as the 
drawing-rope is attached to the carriages and passed round a large drum 
at the head of the incline; if the drawing-rope breaks the second rope 
holds the carriages until they are brought to a standstill. This railway 
commenced working in 1873, and is said to have conveyed 300,000 per- 
sons in 100 working days.— Vide Proceedings of the Institute of C. L., 
Vol. 41, page 274. 

Second.—The Kahlenburgh Rope Railway in the environs of Vienna, 
opened during the Vienna Exhibition, with maximum gradients of 1 in 8, 
This line is said to have been a favourite resort for visitors during the 
exhibition, and to have carried as many as 5,000 persons in a day. Itis 
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stated that the Austrian Government before they allowed this railway, 
and also a Rope Railway constructed previously at Buda, to be opened, had 
the wire-drawing-rope cut while the carriages were in motion on the in- 
cline several times, and that cach time the rope was cut the carriages 
were stopped immediately by their breaks. 

Third.—The Ofner Railway, opened for traffic in 1869, with a gradient 
of 1 in 1-6, equivalent to an incline of 32 degrees. 

Fourth.—The Croix Rousse Rope Railway near Lyons, which has a 
uniform rise. of 1] in 6:25, aud a total vertical height of 230 feet. On 
this railway a train of three cars, carrying a total of 320 passengers, is 
attached to each end of the rope. The carriages are provided with a 
clip-break which, by gripping the head of the rail, prevents the wheels 
from sliding. It is said that 30,000 passengers are often carried in one 
day on this line — Fide Proceedings of Institute of C. E., Vol. 41, page 
275. 

Fifth -—The Rope Railway at Pittsburg in America, which has an 
average rise of Lin 1-72, equivalent to a slope with about 30 degrees of 
inclination to the lhorizon and a vertical height of 864 feet. The earri- 
ages on this line travel al the rate of Y miles an hour, 

Sixth.—The mountain section of the Sao Paclo Railway opened in 
1869, with gradients of I in 9-75, and a total rise of 2,250 feet: enrves 
with radii of 30 to 80 chains are uscd on this line which is worked 
by steel wire-ropes, and has chp-breaks of a peculiar form for gripping 
the top of the rail, The breaks consist of clips in the form of pairs of 
huge pincers, opened and closed by a bar, with a wheel handle attached 
to it, and with right and left screw threads alternately on its surface ; 
the bar is passed through holes tapped with right and Jeft screws alter- 
nately in the tup of the lever arms of the pincers, and fonr turns of the 
bar cause the pincers to grip the rail. The break arrangement, when not 
in use, is suspended in guides over the rail by a counterpoise, and when 
required for use is lowered on to the rail by the pressure of the foot ans 
treadle. Round steel wire-ropes are found to last two years on this line. 
The ropes are supported on rollers fixed to the sleepers at intervals of ten 
yards on the straights, and of five or seven yards oncurves. It ie stated 
that a rope broke once during the firat five years after the line was con- 
structed, and that a goods’ train, which was within one hundred yards of 
the top of one of the inclines at the time the rope broke, was pulled up 
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on that occasion in a distance of 66 fect without any accident.— Vide Pro- 
ceedings of Institute of C. E., Vol. 30, page 29. 

Seventh.—The Lausanne and Ouchy Railway, 4,950 feet long, with 
maximum gradients of 1 in 9, worked by a wire-rope which has a train 
attached to either end of it, and is passed twice round a drum placed 
below the level of the rails and driven by two brass Girard Turbines work- 
ing under a bead of 393 feet of water.— Vide page 250, Vol. 50 of the 
Proceedings of the Institution, C. ., Part 14, Session 1876-77. 

It will not be out of place to add that aself-acting clip-break, similar to 
the one in use on the Sav Paolo Railway, is used on a short railway worked 
by a wire-rope with a gradient of 1 in 13, and an incline of 3,300 feet 
in Jength, leading down to the Botallack mine in Cornwall. Tn this case 
the tail end of the rope is attached to a draw-bar, and if the rope breaks 
a spring causes the chp to grip the rail; the pressure can be increased, if 
necessary, by the man in charge ef the train with the aid of a lever. It 
is stated that the repe has broken on two oceasions during a period of 
seven years since these breaks were fitted, and that on both occasions the 
wagons were brought up immediately by the breaks without accident 
and without difficulty. On this railway tren wire-repes are said to stand 
eight years’ continuous wear.— bide Proceedings of the Institute of C. E., 
Vol. 30, page 74. 

It may also be added that at the Adalbert Shuft of the Pribram mine 
in Bohemia a stationary engine raises loads of oue ton each, exclusive of 
the weight of the cage, from a depth of 3,673 fect im one stage with a 
steel wire-rope. About 112,000 trips are made annually ata speed of 
nearly 14 miles per hour, and the ropes are found to stand two years’ 
continuous wear.— Jide Proceedings of Institute of C. E., Vol. 41, 
page 270, 

Rope Railways with self-acting inclines have long been in use at mines 
Or quarries on hillsides. With this system the carriages are attached to 
an endless rope passed round drums at the top and bottom of an incline, 
aud supported throughout its length on rollers or pullies. Wagons loaded 
at the top of the incline descend the incline by gravity, and in their 
descent draw empty wagons attached to the other side of the rope up the 
incline. 

The most important railway, of recent construction, worked on this 
aystem, is the one opened in 1873 to connect the Styrian fron Company’s 
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mine on the Eisenerz Mountain with the Eisenerz Railway. The several 
workings of the mine, of which the top one is 2,016 fect above the 
Railway Station, are connected by a series of self-acting inclines varying 
from 18 to 20 degrees in inclination to the horizon, and by a length of 
almost level line with the Railway Station at Eisenerz. The wagons 
which run on the level portion of the line weigh about 14 tons each 
when empty, and carry loads of 24 tons. The wagons are loaded at the 
top of the inclines, a: d are lowered one at a time in a horizontal position 
on platform wagons which run on the inclines only. The wagons are 
drawn by horses on the level portion of the line. ‘The inclines are 
laid with iron rails weighing 27 tbs. tothe yard. The speed of the wagons 
on an incline is regulated by a self-acting air-break, consisting of a three- 
armed fan with flat wooden blades connected with the main drum of the 
incline in such a way that the fan makes 128 revolutions to each revo- 
lution of the drum. The resistance offered by the air to the passage of 
the blades of the fan through it increases rapidly with any increase of 
speed, and thus the fan is able to absorb any excess of power in the deg- 
cending wagon and to check undue acceleration of speed. In addition to 
the air-breaks there are lever-breaks on the drums. The ropes are of steel 
wire. The wagons travel on the inclines with an average speed of 4 miles 
an hour.— Vide Proceedings of Institute of C. E., Vol. 43, page 406. 
From the foregoing examples of Rope Railways, all of which, though 
recently constructed, have been successfully worked, we learn that there is 
no practical difficulty in constructing or working Rope Railways of any 
form with inclines of 30 degrees of inclination to the horizon, 
Second.—That if the loads to be raised are limited to one ton each 
they can be taken up a hill 3,000 feet high by a steel wire-rope in one 
stage. : 
Third.—That Steel wire-ropes will stand two years’ continuous wear. 
Fourth.—That accidents are, at all events, not more likely to occur on 
Rope Railways than on other railways. For experience has shown that, 
if proper break appliances are provided, traing can be etopped at once 
in the event of the ropes breaking, and the rope attachment itself ia a 
safeguard against many classes of accidents to which trains with other 
systeme are liable. This question will be more fully discussed hereafter. 
Fifth.—-That Rope Railways need not necessarily be straight. 
Now, it is plain that both systems of Mountain Railways with ropes 
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ean be worked with water; for water or turbine wheels can take the place 
of steam engines in the system worked by stationary engines, as is done 
on the Lausanne and Ouchy Railway, described at page 7, and water can 
take the place of any other load in the system worked by self-acting in- 
clines. However, water or turbine wheels require a large supply of water, 
hence Rope Railways with stationary engines worked by water can, as a 
general rule, only be used in valleys, or on the lower slopes of hills, where 
an abundant supply of water can always be obtained, and the system of 
Rope Railways worked by self-acting inclines is, in its present stage of 
development, unsuited for lines where loads of variable weights have to be 
carried up as well as down, and traffic of all kinds has to be accommodated. 

For Mountain Railways for genera] use in the hills in India a system 
is required which cau be worked with a small expenditure of water, and 
can take loads of variable weights, of passengers or goods, uphill as well as 
downhill, and it is to supply this want that Sedgwick’s Patent Hydraulic 
Lifts for hill stations have been designed. 


Sedgroich’s Patent Iydraulic Lifts for Hill Stations.—~These Lifts 
are worked on the principle of the Rope Railway with self-acting inclines 
already described, but in place of carriages or wagons of the ordinary pat- 
tern being used, the carriages and wagons for these Lifts are each furnished 
with tanks (vide Plate, Figs. 1 and 2) capable of holding a large supply 
of water, and each tank is fitted with inlet and outlet pipes to enable it to 
be rapidly filled with water at stations, or emptied at any time. 

The carriages are worked in pairs, each pair with its own rope, and the 
two carriages of each pair, when empty, are precisely alike in point of 
weight as well as in every other respect. A guard’s compartment is at- 
tached to each carriage; from it the wheel and other breaks of the car- 
riage can be worked, and in it are fixed the stop-cocks of the outlet pipes 
of the tanks and gauge glasses to show the depth of water in the tanks. 

It is plain that in a Rope Railway with self-acting inclines the up and 
down carriages must always pass each other in the middle of the incline; 
henee if in the middle of the incline a short length of the line is laid 
double with points and crossings to enable the carriages to get past each 
other, the remainder of the line can be laid single. An arrangement of 
this sort has been adopted on the inclines of the Sao Paolo Railway, 
Brazil. Vide Proceedings of the Institute of C. E., Vol. 30, page 29; 
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see also Fig. 4, page 13, which shows two passing places on a Lift ee a 
single line of rails. 

The endless rope of the Lift must be fixed so as to pass outside of both 
of the rails where the line is single, and outside both of the outside rails’ 
where the line is double, as shown in Fig.4, page 18. The rope is passed 
round drums at the top and bottom of the incline, and supported on 

-Tollers in the usual way. 

Water is laid on to the Lift by pipes from a tank or stream; it is not 
however absolutely necessary that the water should be laid on to the top 
station of the Lift; it will be shown afterwards that with these Lifts car- 
riages can be run up to the top of an incline if a supply of water is avail- 
able half way up the incline. 

To work a Lift, a pair of carriages is placed upon the ineline, and one 
carriage made fast at the top of the incline to the endless rope on one 
side, and the other carriage at the bottom of the incline to the endless 
rope on the other side. The maximum loads the Lift is capable of rais~ 
ing or Jowering having been fixed, a load to be raised is put upon the 
carriage at the bottom of the incline, and if there is no water in the 
tanks of the carriage a sufficient quantity for working the Lift is run into 
them, and a signal then made to the station at the top of the incline. On 
the receipt of this signal the guard of the carriage at the top of the incline 
places any load which has to be lowered on his carriage, aud then pro- 
ceeds to run water into its tanks. When a sufficient weight of water, to 
counterbalance the weight of the load on the carriage at the bottom of the 
incline and to overcome the resistances of the rope and of the carriages 
has been run into the tanks of the carriage at the top of the incline, the 
carriage descends the incline by gravity, and drags the other carriage with 
its load up the incline. When the carriages reach the middle of the in- 
eline the pointsman at the donble line turns one of the carriages through 
the siding and allows the other to run through on the main line, and thas 
the carriages pass each other. The tanks of the carriages must hold 
sufficient water to enable the Lift to be worked when there is a load to be 
raised and no load to be lowered. When there is a load to be lowered 
and none to be raised, it will be necessary, if the incline is a short one 
and the resistance of the rope therefore small, sometimes to weight the 
tanka of the carriage at the botlom of the incline with water. As soon 
as the carriages, respectively, reach the bottom and top of the incline | 
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are made fast and unloadcd, and are then ready to make another trip in 
the same way as before. 

The speed of the carriages is regulated simply by running water out from 
the tanks of the carriages from time to time. To decrease the speed 
water is run out from the descending carriage by the guard, and to in- 
crease the speed water is ran out from the ascending carriage by its 
guard: in this way the carriages can be stopped at any time without 
using the breaks, or if necessary they can be backed. And thus in a very 
simple and effective way the disturbing influences of acceleration, changes 
of gradient and curves, can be compensated for, and any speed which may 
be desirable can be attained and maintained under perfect control. 

If an insulated copper wire is introduced into the hemp core of the steel- 
wire-rope of the Lift, and if Telegraphic Instruments and Batteries are 
provided for the carriages, the guards of the carriages will be able to sig- 
nal by telegraph to each other directly at any time whether the carriages 
are running or standing. If the copper wire extended through one-half 
only of the line rope, the earth wires of the batteries would be connect- 
ed with the whecls of the carriages, and the currents would pass to earth 
through the wheels and rails; but if the copper wire extended throughout 
the whole length of the rope, the circuit would be complete through the 
rope. The signals to be transmitted would be few, simple and easily 
learnt. As the carriages would be on a steep hill side, and the guards 
therefore visible to each other throughout the greater part of the run, 
they could signal if necessary to each other by flags or lights if aided by 
signalmen to transmit the signals at curves or gradient changing points. 

To enable the carriages to be easily started at the commencement of a 
journey and to be brought up at the proper place at the end of a journey, 
the slope of the incline is made a little flat at the bottom station and a 
little steep at the top. 

Trains of any size that may be required can be worked with these Lifts 
by putting a anfficient number of pairs of carriages, each pair with a 
separate rope upon the incline, and coupling all the ascending and all the 
descending carriages together. 

To guard against accidents from the breaking of the rope a pair of 
plough anchors with counterpoises will be fixed in front of eavh carriage 
(vide Plate, Figs. 1 and 2) in such a way that when the drawing rope 
ia tautened the anchors rise, and when the rope breaks or becomes slack 
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the anchors fall clear of the ends of the sleepers, and by ploughing. up 
the ballast and the seat of the railroad gradually bring the carriage to a 
standstill, aided, if necessary, by the breaks of the carriage. 

The carriages are provided with wheel-breaks of the ordinary form, 
and in addition, if required, with clip-breaks, to grip the top of the rail, 
as used on the Sera Do Mar inclines of the Sao Paolo Railway, Brazil, 
at the Botallack copper mines, Cornwall, and other railways, and already 
described at pages 6 and 7. These breaks have been proved repeatedly 
to be capable of stopping at once wagons on inclines of upwards of 30 
degrees of inclination to the horizon, if the rope breaks.— Vide pages 74 
and 76, Vol. 30, of the Proceedings of the Institute of C. E. 

In addition to other breaks a powerful form of rope-break can be pro- 
vided, consisting of a stout wire-rope, with its ends securely fastened at 
the top and bottom of the incline passed over rollers fixed to the side 
of the carriage ; between the rollers on the carriage the rope passes clear 
over two stout blocks of soft wood fixed abont six inches apart on the side 
of the carriage and under the short arm of a bent lever fixed on the side 
of the carriage just above the space between the two blocks of soft wood ; 
by elevating the long arm of the lever by a screw in the guard’s com- 
partment the short arm is depressed, until it catches the wire-rope and 
forees it down upon the soft wood blocks; the motion of the carriage 
tends to jam the rope between the short arm of the lever and one of the 
blocks of soft wood, and the friction thus caused retards the carriage. 
This form of break can be used with vertical Lifts, or with Lifts with 
inclines of any degree of steepness, and by means of a draw-bar attached 
to the drawing rope and a spring, can be made self-acting if necessary. 

On high hills and on hills where the slopes are not uniform the Lifts 
will be made in stages. With Lifts in stages the lines of the stages will 
run into one another, and the drums for the wire-rope at the top and 
bottom of the stages will be placed below rail level, so that a carriage 
after it has run over one stage may be detached from the rope of that 
stage and attached to the rope of the next stage, and in this way, when 
neceasary, carriages may be run throngh from top to bottom of the Lift 
or vice verad without being unloaded. 

When a Mountain Railway has to be taken for a Jong distance across 
several ridges, the Loads, to be sent up or down, will be placed on light 
carriages built for running on a level lino. On the inclines these car- 
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ringea will be run on to Platform Wagons with Tanks (vide Plate, Fig. 1) 
as is done on the Hisenerz Railway, described at page 8. When the car- 
riages reach the top or bottom of a ridge, they will be run off the Plat- 
form Wagon on to a length of level line and carried across the top of the 
ridge or across the valley at the bottom by attaching a tail rope to the 
ascending or descending carriage, as the case may be, of either of the ad- 
jacent Lifts, and again run on to a Platform Wagon at the next incline. 
In this way the delay and inconvenience of shifting from one carriage to 
another will be avoided. In cases where the Railway is carried for a con- 
siderable distance up valleys with easy gradients the rope can be worked 
as on the Lausanne and Ouchy Railway, described at page 7, by a Water- 
wheel or Turbine. 

Fig. A. To show how carriages can be ran up to 
“Brune the top of an incline, when a supply of water 
ay is available only at the middle of the incline. 

Let X, Y, and Z (Fig. 4) be stations, 
resprctively, at the bottom, middle, and top 
of an incline, having an endless rope passing 
| : Fassing Place round drums at X and Z. 

i Y/ And let a and & be two light carriages, 
of equal weights and without tanks, attached 
to opposite sides of the rope at Z and Y, 
respectively, und c and d be two heavy car- 
riages of equal weights furnished with tanks 
7 and attached to opposite sides of the rope at 
| ¥ and X, respectively. 

| And suppose that a supply of water is 






available at Y in the middle of the incline. 


é | | Passing Place Then, if a load to be raised is put upon 
AS | | the carriage d at station A, and a load to be 
| & lowered on carriage a at station Z, and a 

| . sufficient weight of water ran into the tanks 
* - of carriage c at station Y, it is plain that 
Drum. carriage c will descend the incline from sta- 


tion Y¥ to X, dragging down carriage a with its load from Z to Y, and 
drawing carriage d with ity load up from station X to station Y, and 
carriage 6 up from station Y to station ” Then if d's load is shifted 
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to a and a's load to d, and if water is run into d@’s tanks, d with its load 
will descend to X, 6 will descend to Y, c will ascend to Y, and a with ita 
Joad will ascend to Z. 

aand 5 pass one another at the length of double line half way between 
Y¥ and Z, and ¢ and d pass one another half way between X and Y. 

If a drum is placed below the rails at Y,c¢ and dcan have an additional 
rope if necessary. They must, however, still be attached to the rope 
connecting a and 3b. 

When the incline of a Lift has more than 35 to 40 degrees of inclina- 
tion to the horizon, or when the carriages have a tendency to jump off 
the rails, holding-down rails will be required. These will consist of 
lengths of angle-iron secured to the frame of the carriage in such a way 
that one side of the angle-iron will be in a plane parallel to the plane of 
the incline, and the other side in a vertical plane with its edge bearing 
against the underside of the rollers of the rope on each side; the rollers 
will have slotted bearings so as to allow for inequalities in the road, It 
is evident that the rope will not be retarded by the fact of the rails 
bearing against its rollers, for on the side on which the rope is fastened 
to the carriage the rope will be clear of the rollers opposite to the carriage, 
and on the other side where the rope will be on the rollers the rope and 
the rail will tend to turn the rollers in the same direction. Between the 
rope-rollers additional rollers for the rail can be fixed where necessary ; 
and if necessary, continuous light angle-iron rails with one edge down- 
wards, attached at intervals to bent supports, can be provided for the 
whole length of the incline; trucks or runners attached to the frames of 
the carriages so as to bear against the anyle-iron rail will then keep the 
carriages from jumping off the rails of the incline. The shortening in the 
length of the Lift, which will be effected by using inclines requiring these 
holding-down rails, will pay for the cost of providing the rails. 

The Plate shows the arrangement for a Lift with an incline of about 
26 degrees 24 minutes, equivalent to a gradient of lin 2. With such 
a Lift the carriages for local traffic will be made in the form shown 
at Plate, Fig. 2, with which a series of tanks, each corresponding in 
length and width with the dimensions of the floor of a compartment of a 
cartiage, are arranged in a series of steps up the frame of the carriage in 
such a way that when the carriages are on the incline the tops of the tanks 
are in horizontal planes. The tops of the tanks form the floors of the com- 
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partments of the carriages. The frame of the carriage is formed of two half- 
girders (3. ¢., girders with flanges at one side only of the web) riveted to 
the tanks on either side. When the Lifts are working in connection with 
railways in the plains for through traffic, the wagons can be made in the 
form shown at Plate, Fig. 1, in which the top of the tank of the wagon 
forms a platform on which railway carriages of the ordinary form can be 
run, and thus sent up the Lift in a horizontal position without being un- 
loaded in the same way as is now done at the self-acting inclines of the 
iron mines at Eisenerz, already described. This form can also be used 
for open wagons for local traffic. 

For rough Lifts such as are required by the Forest Department for 
timber hoists or runs, or by Planters for raising produce or labour from 
their gardens up to the factories, or for rough roads for general purposes, 
the wagons or trucks, excepting the wheels and breaks, can be made alto- 
gether of timber in the roughest possible way, in the form shown at Plate, 
Fig. 1 (omitting the Guard’s compartment), the seams of the planking of 
the tanks being caulked with vakum. With these rough trucks the tanks 
would be provided with short lengths of leather hose in place of mlet and 
outlet pipes with stop-cocks. It is evident that if the length of the 
leather hose is greater than the depth of the tank, so long as the end of the 
hose is kept up the water will remain in the tank, but as soon as the end 
of the hose is let down the water will begin to run ont. In addition to 
the self-acting anchor-break a rough form of scotch-break worked by a 
lever arm from the top can be provided for the wheels. 

For rough Lifts the rails can be formed of wooden planks on edge. 
The planks can be bound with iron if the trafticis heavy. This form of 
railroad is said to have been used in America, and has been lately used 

j with complete success by the Forest Department in tramways at the 
Jounsar Forest.—See a Paper on Sleeper Slides in the Jounsar Forests, 
page 262, Vol. IL., Roorkee Professional Papers on Indian Engineering, 
[Second Series. } 

The calculations for these Lifts have been based on those for self-acting 
inclined planes in Rankine’s Civil Engineering, page 636, 

if T = the weight of au empty carriage. | 

W == the weight of the load to be put on the descending carriage in 
order that the tractive force of the carriage may just bal- 
ance the reaistances of the Lift, 

i7i 
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W, == the maximum load for the ascending carriage. 
R = the weight of the rope and of the pullies which support it. 
f= the co-efficient of friction for the carriages. 
a == the angle of inclination of the incline to the horizon. 
Then, ee to Rankine, the resistance of the rope may be assumed 


to be =a and since the carriages are worked in pairs, and the carriages 


of each pair are of equal weights when empty. 

.. the frictional resistance of a pair of carriages = f(T + W + T+ W,). 
Now, in order that the descending carriage may be avfficiently weighted 
to counterbalance the weight of the ascending carriage with its load, and 
to balance the Resistances to motion arising from the friction of the Rope 
and of the pair of carriages. 


(T+ W) sin a must be =(T + W, erates W+T+W) 


W 
whence W = 


Sin a +-— 


1 be §) 


sy (2 T+ W)) 
sin oy ea : 
.. the Lift will work if the load on the descending carriage exceeds 
the value obtained for W by the solution of the above equation. 
The greatest ordinary working strain on the rope must clearly 
=(T+W+H WBE) einai: 
If T = 3 tons, or 6,720 ths. 
W, == 14 tons, or 2,800 Ibs. 
a =z 30°. 
f='004. 
Also if the rise of the Lift or the difference of level between the top and 
bottom stations = 3,000 fect. 
And if a steel-wire-rope 34 inches in circumference, supported on 
pullies, at intervals of 7 yards, weighing 25 ths. each, be used. 
Then the length of the incline will = 3,000 cosee 30°, 
== 6,000 feet. 
.. the incline will require an endless rope about 12,080 feet long. 
Now the weight of 3}-inch steel wire rope, ine to Molesworth’s 
Pocket-book is 1% Ibs. tu the foot. 
*, the rope will weigh 12,080 x 18 = 20,134 Ibs. 


ae 7 pullies to support it. 


172 
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*, the weight of the pullies will be --;;-- x 25 = 14,381 Ibs. 


* R= 20134 + 14881 = $4,515 a 
Then substituting in the sia 


W, sin a+ 5 sees (2T+ Wy) 
—$_ = 
the value for R thus obtained, and the values for T, W,, a and /, given 
above, we get W = 6,433 tbs. And as the Lift will work as soon as the 
Ioad on the descending carriage exceeds W. 
. 24 tons or 6,440 Ibs. will be a sufficient load for the descending car- 
riage. 

The greatest working tension on the rope, using the formula given 

above, will therefore be 


=( 6720 + 6440 + = aN s~) sin 30° = 11,613 Ds. 


But, according to Molesworth’s Pocket-book, the safe working load for 
34-inch steel wire rope is 12,096 tbs. 

Supposing that no load at all is put upon the ascending carriage then 
will W, = 0. 

And substituting the other values as before, we get 

W = 8,588 fbs. == Load on the descending carriage to balance fric- 
tion. 

Again, if the rise of the Lift is only 1,000 feet, and if W, = 2} tons. 

Whilst T, £ and a have the same values as before. 

And if a steel wire rope 34 inches in circumference, weighing 124 ths. 
to the foot, and supported as before, be used, 

Then willthe length of the rope = 4,080 feet. 

And its weight = 4080 x 14 = 5,440 Ihs. 


W= 


Also the weight of the Pallies = —-;— x 25 = 4,857 Bhs. 


= 

e Reo 5440 4+ 4857 = 10297, 

And substituting as before we shall got W = 5,938 Ibs. 

.. the Lift will work if the load on the descending carriage = 23 tons, 
or 6,160 ths. 

And the greatest working strain on the rope will then be 


xa (6720 + 6160 + 24°.) cin 30° = 7,800 fhe. 
172 a 
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But the safe working load for 34-inch steel wire rope is 8,736 Ibs. 

If W, = 0, : 
then will W = 1,146 ths. 

We are now in a position to ascertain approximately what the con- 
sumption of water in working the Lifts would be. {t has been already 
shown at page 11 that in working a Lift water is run out from the tanks 
of the ascending carriage when it is necessary to accelerate the speed, and 
from the tanks of the descending carriage when it is necessary to reduce 
the speed. It follows therefore that at starting a certain quantity of 
water must always be kept in the tanks of both carriages. 

Let it be assumed that } of a ton on the ascending and 4 a ton on the 
descending carriage are sufficient weights of water for the two carriages 
for working a Lift with a rise of 3,000 feet, and that Ath of a ton on the 
ascending and 3 of a ton on the descending carriage are sufficient weights 
when the rise of the Lift is 1,000 feet only. 

And let it be assumed that the other conditions are the same as as- 
sumed in the calculations. 

Now, it has been shown that on a Lift with a rise of 3,000 feet a load 
of 2% tons, on the descending carriage, is just able to overcome the re- 
sistances of the Lift when there is a load of 14 tons on the ascending 
carriage; but in order that the carriages may travel with sufficient speed 
over the Lift } of a ton additional load must be given to the descending 
carriage so that the total load required for the descending carriage will 
be 33 tons. 

Hence if there are full loads of goods for despatch at both stations of 
the Lift the guards would put # load of 1 ton of goods and 4 ton of waier 
on the ascending carriage and a load of about 28 tons of goods and § ton 
of water on the descending carriage, and thus a paying load of one ton 
would be raised with an expenditure of 4 a ton of water at the top station. 

When there is a full Joad to be sent up and nothing to be sent down, it 
is plain that the expenditure of water at the top station in raising a pay- 
ing load of one ton will be 33 tons. When there is a full load to be 
sent down and nothing to be sent up a load of 14 tons of water would be 
placed on the ascending carriage, (of which one ton would be left in the 
tanks of the carriage when it reached the top station and would be avrail- 
able afterwards for the descending carriages,) and a load of 28 tons of 
goods and 4 a ton of water on the descending carriage. | | 
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Similarly with a Lift with a rise of 1,000 feet it will be seen that a 
load of 2% tons on the descending carriage will lift a load of 2} tons on 
the ascending carriage and that a consumption of } of a ton of water at 
the top station will raise a paying load of 2 tons when there are full 
loads of goods for both the ascending and descending carriages. Also 
that when there is a full load to be sent up and no load to be sent down 
the expenditure of water at the top station will be 2% tons to lift a 
paying load of 2 tons. 

Hence supposing that 12 tons each way is the average daily traffic with 
an ordinary Lil] Station, we shall be safe in assnming that this can be 
earricd by an expenditure of 35 tons of water at the top station. Thirty- 
five tons of water per day represents 4,00,000 cubic feet per year, a 
quantity which could be supplied by a tank 150’ x 100’ x 15’ deep, hold- 
ing about six months’ supply. 

lt will be neither necessary nor practicable to load the carriages with 
great nicety, any slight excess or deficiency of load in either of the car- 
riages can be compensated for by runuing water out from one of the car- 
riages. 

As on a Lift in stages the water from the tanks of the descending car- 
riages of the top stage will be available for working the next stage, and so 
on down the Lift (though a small quantity of water will have to be 
added at each station on the way down to make up for the quantity ex- 
pended during descent in working the Lift) hence, so long as the inclines 
rise uniformly and the stages are all of the same length, the expenditure 
of water will vary with the length of the stages, but will be independent 
of the total height of the Lift. 

It is plain that whenever it is necessary to economize water the Lifts 
should be made in short stages. However, at places where the supply of 
water is Hable to run very short, some part of the tanks of the carriages 
can be made to open at the side so as tu enable the carriages to be partly 
weighted, when necessary, with stone or rubbish from the hillside, at such 
times only sofficient water to work the Lifts would be used, and the re- 
mainder of the load required to counterbalance the load on the ascending 
carriage and the resistances of the Lift woald be made up with stone, &c., 
aud in this way, if necessary, the Lifts could be made to bring up from 
below all the water they actually required. The importance of the plan 
of working carriages to the top of an incline by a water-supply available half 
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way up the incline, described at Fig. 4, page 13, is now apparent, for it not 
only enables water draining off from the immediate sites of hill stations, 
and therefore unfit for drinking purposes, to be used, thus enabling the 
Lifts to get a supply without interfering with the water-supply of the sta- 
tion, but in view of the fact that the stages of Lifts can be made 3,000 
feet high; it also will enable the Lifts to be worked at places where the 
rainfall is scanty, by water obtained from reservoirs or springs situated, if 
the side of the hill has a slope of 30 degrees, more than half a mile down 
the hillside, and thus having a very wide extent of feeding ground. 

The existence high up in the hills of the natural Lakes of Tsho 
Morari in Cashmere Territory (some 14,000 feet above sea level), of 
Kundalu on the ridge above Belaspur, and many others, and of the arti- 
ficial Lakes at Nainee Tal, on the top of Mount Aboo, and elsewhere, 
proves that little difficulty would be found in constructing even large 
tanks in suitable sites near the tops of ridges. And few who have 
studied the conformation of hills in India carefully can have failed to notice 
the splendid sites for Reseryuirs everywhere available. The Happy Valley 
at Mussoorie and Beechwood at Darjeeling are instances familiar to 
many. 

It is claimed for these Lifts that they are cheaper, safer, and quicker 
than any other form of Mountain Railway, and that they can be more 
readily adapted than any other system to suit the exigencies of all situa~ 
tions. 

With regard to cheapness. There is no expensive machinery about 
these Lifts. They can be worked with a single line of rails of a very 
light pattern; and if the wire-rope, the rails, and the wheels are obtained 
from England, the carriages, and all the other parts of the Lifts, can be 
constructed in any of the large workshops in India. Also the Lifts can 
be taken straight up a hillside of any degree of steepness, or, if necessary, 
up the face of a precipice, by using a vertical ran and modifying the form 
of the carriages. Indeed, as a rnle, the steeper the incline the more cheaply 
can the Lifts be constructed and worked, and as the ordinary slopes of 
the sides of the higher hille in India vary from about 1 in 24 to 1 in 4, 
in this way by enabling very short lines to be used, Rope Railways have 
n great advantage over railways worked by locomotives on the Rigi and 
on the Fell systems, which are limited, reapectively, to maximom gradi- 
ents of 1 in4 and lin 11. Farther, the Lifts do not necessarily require 
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a supply of water at all at the top station, for they can be worked, vide 
Fig. 4, page 13, if a supply of water is available at a considerable distance 
down on ahillside. This, taken in connection with the fact that they can be 
worked on any slope, will allow a wide choice of sites to be made in apply- 
ing them to any particular situation, and will enable the Lifts to be located 
generally in positions where a supply of water from a stream or spring is 
close at hand, Large, however, as the saving with these Lifts will be in 
construction, the saving in working expenses will be still larger, for they 
require no skilled labour to work them; they can be easily repaired, and 
the motive power will generally cost absolutely almost nothing. The 
renewal of the wire-rope will be the most expensive item connected with 
the working of the Lifts, but it has been found (wide page 270), Vol. 41, 
Proceedings of Institute of C. E.) at the Pribram mince, where 112,000 
tons appear to be raised every year from a depth of 3,673 feet on a cradle 
carrying a load of 1 ton, and making 20 trips per hour for 16 working 
hours every day, with a steel wire-rope weighing 1 ton 15 ewts., that steel 
wire-ropes last two years with continous wear. If the cost of steel wire- 
rope is taken at £120 per ton, it follows that a charge of one-third of a 
penny, on each ton raised to a height of one mile, will cover the cost of 
providing wire-ropes. 

With regard to safety. Livery one who has had any experience of hill 
roads in India during the rains must be aware that hill roads are liable to 
be rendered impassable after heavy rain by the destruction of bridges, by 
landslips, or by trees, or by masses of rock which ro!l down from above, 
mainly because, in order to get suitable gradients, these roads have to wind 
round the hillsides, and thus interfere with the drainage and with the stabili- 
ty of the soil of the hillsides. Therefore with Mountain Railways, which 
from their nature are more easily blocked than ordinary roads, and which 
in India are required to work throughout the rains, it is a point of great 
importance that the railroads should be carried as straight as possible up 
the hillsides, so as to avoid as much as possible disturbing the hillsides. 
Now, from what has been already said, it is plain that Rope Railways 
alone, of all systems of Mountain Railways, can be carried straight up o 
hillside, and that railways worked by locomotives must necessarily, more 
or leas, wind round the hillside, and therefore be in less secure position 
with regard to obstructions from landslips, &c., than Rope Railways. 
Further, thongh Rope Railways are liable to accidents from the breaking 
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of the rope, they are less liable to such accidents than are railways worked 
vy locomotives to accidents from the breaking down of the machinery, and 
it is even easicr, if a rope breaks, to stop a train on a Rope Railway than 
it is to stop a train on a railway worked by locomotives, if its machinery 
break down, because with a Rope Railway seclf-acting breaks can be used, 
which will commence to retard the train directly the rope breaks, but with 
locomotives everything must depend upon the vigilance of the driver, 
supposing that an accident to the machinery occurs whilst a train is de- 
seending, With regard to other classes of accidents to which Mountain 
Railways, which work during the rains, must be exposed, though the jaws 
on the Rigi locomotive and the horizontal wheels on Fell’s system may 
prevent derailment under ordinary circumstances, they would be of no use 
in the event of a bridge, or of a portion of tho road, giving way suddenly 
or of a landslip, or of a falling rock or tree catching the train, or even if 
an axle or a tire were to break; in such case the destruction of the train 
with a locomotive would be almost inevitable, because on the steep hill- 
sides in India such a train onee over the side could hardly be saved; but 
with a Rope Railway in such case, so long as the rope attachment held, 
no great amount of harm would be hkely to happen to the train; and as 
the rope always remains taut there ix no reason why the rope attachment. 
should give way in an accident of this sort, The Rigi system may do very 
well on steep hillsides for railways constructed, as the Rigi and several 
other railways have been, to accommodate tourists, and worked fer six or 
seven months in the year during fine weather, when the line can be cons- 
tanily patrolled, and a look-out kept in front of each train to see that the 
rack is clear uf small stones or other obstructions (vide Vol. 36, pages 115 
and 116, Proceedings of Institute of C. .), and a line with gradients of 
1 in 10 can be doubtless worked with safety for all descriptions of traffic 
on compartively tlat slopes; bat such a system could not be worked with 
safety during the rains on the steep hillsides in India, when dense mista 
and drizzling rain would day after day render a proper look-out impos- 
sible, and when a train may at any time be caught in a heavy shower, 
which will send stones and timber down npon the railroad from above. 
A few moments’ consideration will convince any one that Rope Railways 
alone can be safely used for the hills in India during the rains. 

With regard to speed. The speed attained on the Rigi Railway of 3 
or 4 miles an bour ou a gradient of 1 in 4d, or on the Fell system of 10 
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or 12 miles an hour on a gradient of 1 in 12, is small compared with 
that attained on Rope Railways; for instance, on the Pittsburg Railway 
in America, where the carriages travel at the rate of 9 miles an hour 
on a gradient of 1 in 1°72 (page 275, Vol. 41, Proceedings of Institute 
of C.E.) 

On railways worked by locomotives as well as on railways worked by 
stationary engines, increased speed cannot be attained without consider- 
ably increasing the working expenses, but with these Lifts any speed that 
can be desired can be obtained by merely adding a few more pounds of 
water to the tanks of the descending carriage, or rnmning off a few pounds 
from the tanks of the ascending carriage without ordinarily causing any 
addition to the working expenses. Also the speed is under the control 
of the guards of the carriages, who can see the state of the road ahead 
of them. The plough-break described at page 11 will undoubtedly, under 
one of its forms, whether as a self-acting anchor in front or as plough- 
share lowered by the guard behind, enable a higher speed to be attained 
on inclines than has hitherto been practicable. 

As speed to some extent determines the carrying power of a railway, it 
ig @ question of considerable importance. 

With regard to the question of general usefulness. We have in India 
on the higher hills water power, almost everywhere in abundance, avail- 
able, not only to provide cheap means of transport, but also available at 
almost a nominal cost to work machinery of every description. If pro- 
perly applied, water power can be used to make cloth, to work machinery 
for manufacturing tea, to saw timber, to plough land, to harrow, to sow, 
to reap, to cart away produce, to thresh, or to grind, &c., &e, 

To use water power for agricultural operations, we have only to take 
a Lift with a double line of raila and with drums at X and Y, the bottom 
and top stations, respectively, of the Lift, and with a pair of wagons A 
and B working in the usual way on the Lift. Then if A is attached at 
such a point on the endless rope of the Lift as will make the distance 
travelled by A and B equal to the length of the field to be ploughed, or 
reaped, &c., and if a length of light wire-rope with rollers is then taken 
and its ends made fast to the wagons A and B on the Lift, and the loop 
of the light wire-rope strained by a straining dram at Z, Gxed at the far 
end of the field to be ploughed, and guided by a dram at W, it is plain 
that a plough or a reaping machine P attached to the light wire-rope 
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will be drawn across the field towards Z, when wagon 8 descends and 


Fig. 5. 
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wagon A ascends the incline of the Lift, and will be drawn back again 
across the field when A descends and B ascends. 

The distance travelled by P plainly depends on the distance A is fixed 
below the top station Y of the Lift. By moving the straining drum at 
Z and the rollers supporting the light wire-rope either np or down, as may 
be necessary, a ficld of any width can thus be cultivated in any direction, 
an additional guiding drum being provided whenever it is necessary to 
plough up and down instead of across the hillside. If the Lift have an 
incline of 30 degrees and the wagons move at a speed of five miles an 
hour, the Lift will do the work of steam engine of 18 H.-P. if able to. 
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raise loads of one ton, or of an engine of 54 H.-P. if able to raise loads 
of three tons. One Lift if favourably sitnated will thus be able to ecnl- 
tivate all ground within a distance of from one half to one mile above, 
below, or on either side of it. By attaching a cart to the light wire-rope 
and adjusting the travel of the wagons on the Lift, produce can be carted 
in from the fields to the Lift, and sent up by the Lift to the farm-yard 
or factory. If the loop of the light wire-rope is passed round the shaft 
of a threshing, sawing, tea-making or other machine, the Lift can be used 
to drive any description of stationary machinery with the light wire-rope 
asa belt. After the wagons on the Lift have made one run the rope will 
move in the reverse direction, and it is therefore necessary to put an ad- 
ditional cog-wheel into gearing in the machinery for the second run, and 
to put it again out of gearing for the third ron, and so on; and thus with 
a rough Lift, with a timber railroad and timber wagons as described at 
page 15, a farmer would be able to cultivate his fields, cart in the produce, 
and thresh, and, if necessary, grind his corn; the tea planter would ba 
able to do a considerable part of the work connected with tea manufacture, 
and the forest officer would be able to get timber out of any forest, and 
cut it up, if necessary, before sending it away. 

It is not of course imagined that the method here advocated of utiliz- 
ing water power to drive machinery is the most advantageous way of 
employing water power for the purpose when a large supply of water and 
when trained mechanics for erecting and working machinery are available, 
and workshops able to execute the necessary repairs are close at hand. 
This method though a rough one has these advantages, viz.,it enables avery 
small supply of water to be turned to account, and is so simple in con- 
struction that any one with common senso will be able to understand how 
to put it together and work it; further any good mistry will be able to 
repair it when necessary. These are advantages which render it peculi- 
arly fitted for employment in tho hills. 

If we would only avail ourselves of the water power often available on 
the hills at our very doors, work could nowhere be done so cheaply as in 
the hills, and no form of transport could compete in cheapness with trans- 
port in the hills. All that is wanted is some one to show practically how 
cheap, how effective, and how safe is the grand power we are neglecting. 
The subject is surely one worthy of the attention of Government. The 

climate of the hills in India is as good as any other climate in the world, 
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and Englishmen do not degenerate physically in it, neither would they, in 
all probability, degenerate morally if large colonies of Englishmen were 
formed ; also there is good reason to believe that land could be cultivated 
by the aid of water power more profitably in India than it can be cultiva- 
ted by manual labour in any of our colonies. If we had a few hundreds 
of thousands of English or Murasian planters and farmers in the hills, 
with a fair proportion of them enrolled in a militia reserve, available at 
time of need for service anywhere in India, we should be able to reduce 
the strength of our army in India by one half. In view of the great ex- 
pense of keeping up an army in India, an expense which must be ever 
increasing, it would pay well to give free grants of land and assistance in 
loans, under proper supervision, of machinery for cultivation to English 
settlers on condition of joining the militia. The nucleus cf a force of 
militia could be obtained by enconraging fime-expired men from Lhe army 
to settle, and if it conld be shown that land could be profitably cultivated 
in the hills, there would be no lack of setilers. 

The Swiss by recently constructing a Railway worked by water power 
between Lausanne and Ouehy, described at pave 7, have set us an exam- 
ple which we should do well to follow, 

It is perhaps necessary to pot out that the objections usually brought 
against Rope Railways with Statiouary Pneines, viz., that they are only 
suited for short lines, because on along line the failare of one engine would 
stop traffic on the whole Jine, that they can only be used economically wher 
straight Hines can be obtained, because sharp curves are inadmissable with 
them, an] that they are consequently unsuited for gencral application, do 
not apply to Litts worked on the principle of the Hydraulic Lifts, 

To show this, it must be premised that with the Hydranlic Lifts, the 
cost of constriction is not increased by increasing within reason, on @ 
given length, the number of Changing Stations; because, though the 
amount of rolling stock and the nunsber of drums for the top and bottom of 
inclines will be increased, the weizht of the rope and the quantity of water 
required for wotking the Lift will be largely diminished, vide calculations 
pages 15, 16, 17 and 18. 

Also an increase on a given length to the number of Changing Stations 
in no way increases the chance of break downs occurring with the Hy- 
dranlic Lifta. 

With a Rope Railway with Stationary Engines, however, an increase 
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to the number of Changing Stations will, by increasing the number of 
Stationary Engines required, add very largely to the cost of construction 
and greatly increase the chance of break downs ocenrring. 

This being admitted, if now the loads sent up or down the Hydranliec 
Lifts are placed, as is done on the Eisenerz Railway, described at pages 7 
and 8, on wagons which are built to run on level lines only, and are sent up or 
down the inclines in a horizontal position on platform wagons built to 
rin on inclines only (vide Plate, Hig 1); also if wherever the line requires 
to make a bend a Changing Station is inéroduced and a turn-table put in, 
in a horizontal position, at or rather under the point where the diree- 
tion of the line is changed; and if the tarn-table is connected with the 
top of the first incline and the bottom of the next mcline by a very short 
piece of level straight line passing under the drum at the top of the first 
and over the drum at the foot of the next incline; also if when a loaded 
carringe has reached the top of the first incline it is run, by means of a 
ramp (the platform wagon being now np a little high for the purpose), off 
the rails of the platform wagon, down on to the rails of the pieve of level 
straight line at the head of the incline, and by this straight line, hand- 
ehonted, or hauled, by a tail rope from an ascending or descending carriage 
of one of the adjoining Lifts, on to the turu-table and shifted by the turn- 
table on to the picre of Jevel straight line leading to the next incline and 
thence run on to the platform wagon at the foot of the next incline, and 
thus sent up the Lift. Then it will be possible to construct in this way a 
line worked by Hydraulic Lifts with more bends in it than could be intro- 
duced into a line laid out with enrves on any system worked by locomo- 
tives, without at the same time reducing the speed relatively below that 
with other systems. 

For example, take the case of a station, 5,000 feet above the plains, 
A Rope Railway will run up to a height of 5,000 feet in a length of two 
miles, or under, at an average speed while running of not less than six 
miles an hour, Supposing that five Changing Stations are introduced, 
thus dividing the line into six different inclines, which may be zig-zage 
if necessary, and supposing that each Changing Station involves a deten- 
tion of seven minutes, (as the turn-table can be quite close to the top 
and bottom of the inclines, this amount of detention should be more than 
sufficient,) than the ascent would be made with the [Hydraulic Lifts in fifty - 
five minntes, | 
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A Railway on the Rigi System cannot ascend to aheight of 5,000 feet 
in a shorter run than four miles, and its speed on an incline of 1 in 4 
is three miles an hour. Hence the ascent with a railway on the Rigi 
Systom would oceupy one hour and twenty minutes. 

This disposes of the objection that straight lines are required for these 
Lifts, and with regard to liability to break-downs, it has been already 
shown that break-downs are even less hkely to occur with Hydraulic Lifts, 
from the breaking of the Rope than they are with a Railway worked by 
Locomotives from the breaking down of the machinery of the Locomotives, 
And if with the Jlydrantic Lifts, a spare Repe on separate pullies is 
provided for each incline, the breaking of a rope would cause less deten- 
tion than would the breaking duwn of a Locomotive, on other systems, 


W. 8. 
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FOR A SYSTEM OF RAILWAYS. 


beans ae nal allan ete ee ee eT 





By Caer. H. Witserrorce Crarke, R.E., Offy. Deny. Consulting 
Engr. for Guarantecd Railways. 


Meret erent ode SY at eee AE mente serene 


1. Panacrarn 2 of letter No. 3803-10R. of 19th October, 1877, ad- 
dressed to— 
the Governments of Madras and Bombay, 
the Consulting Engineers to the Government of India for Guaranteed Railways, 
the Direetors of State Railways, 
the Secretary of State, for information and communication to the Boards of Diree- 
tors of the Guaranteed Railways, 


rons as follows :— 


“The difficulty of asetrtaining the complement of stock fur a line is great; but 
the ton-mileage required to be done affords the means of approximating to it. If it 
could be so arranyed that waron for wagon be exchanged at junctions, the relation 
between the atock of each line and the work required of it would readily be seen, 

“ The possibility of hiring to, or the uecessity of hiring from, a neighbour would 
be realised, and the expediencysof permanently increasing or decreasing the stock 
would be forced upon aitention,”” 


And the order sttached directs— 


** that the freest discussion with the Railway Officers bo invited, and their opinions 
communicated at a very carly date.” 


From the above extract, and the circulation which has been given to 
it, it is manifest that the Government of India attaches great importance 
to the subject, and considers that a solution of the difficulty has yet to 
be discovered. In this paper a method,—by which the complement of 
stock required for a line, or system of railways, can surely and easily be 
foungd,—is investigated. 
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2. On a new line of railway, the rolling-stock is determined by the 
experience gained on railways in the neighbourhood ; the number of vehi- 
cles is more or less arbitrarily decided. 

But when the line is in working order, and distressed by want of rolling- 
stock to meet the traffic which pours into it, the data (as will be shown in 
this paper) are at hand for detcrmining the complement of rolling-stock 
necessary for its full working. 

In order to obtain the Umit ef work which can be got out of a vehicle 
under the particular circumstances of the traffic of the time, it is neces- 
sary that the ling should be working at its extreme lint of carrying 
power. 

It is unnecessary to consider the delays, or the running of empty wagons: 
they are the accidents of circumstance, or features of the traffic; ‘they are 
contingencies that will happen for a short, long, or continuous period, 
according to the nature of the trafic, and the degree of skill with which 
it is worked, and provision must be made for them. 

8. The full power of the rolling-stock of any railway, under the cir- 
cumstances of traffic, would be obtuined when each vebicle ran continu- 
ally throughout the day, during the period of time under consideration, 
with its average freight, at ‘+ between-station-guods-speed ” (s miles) per 
hour.* 

In such a case the goods vehicle-mileage would be— 

== number of goods vehicies constructed % 24 hrs. % 8 niles x period of time 

in duys. 

And the difference between this goods vehicle-mileage and the actual goods 
vehicle-mileage (paying and free) given in Table G-11 of the Review of 
the Revenue Account gives the detention during the time under considera- 
tion (reckoned in goods vehicle-mileage) due to all causes.f The ton- 
mileage given in the Revenue Accounts is not the ton-mileage effected in 
any period for which the accounts are rendered (say half a year), but in a 
period :— 

(¢) s= (period under consideration T— detention). 


During this period ¢, all the goods vehicles have been running through- 


* It fa ws legitimate for the Railway Adiwinistrator to make use of this tmaginary teAicle-mileage, 
as ft ie for the Astronomer to use, in his calcalations, an dnaginery aun, whose motion in right 
ascension is striclly nuifurm, and whose days are exactly the mean of all the solar days during 
the year. 
} That is, detention dus to repairing, shunting, loading, anioading and stopping at stationi 
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out the day of 24 hours, with their average freight, at “ between-station- 
guods-speed” (¢ miles) per hour. 


4, Let N = total number of goods vehicles constructed (including those under re- 
pairs) on any railway during the time T under consi- 


deration. 
Kyprs - home goods ychicles on foreign railways, 
Meo go foreign goods vehicles on the home railway, 
mm, ==: time in months daring which the home vehicles were absent, 
Wily gy . a foreign vehicles were on the home railway, 


| T =< time in months under consideration, 
Then for the time T the available stock is— 
T— 





+ 2, Ti } =S (say). 


Let V == goods vehicle-mileage of — and foreign vehicles (available), which 
might have been run had the home and foreizn goads vehicles been em- 
ployed continually during the day, in the period of time T considered, 
at the “ hetween-station-guods-speed ” (s miles) per hour— 

=Sx xs x T. 

v = goods Sanco Heage (paying and free) of home and foreign vehicles 
(available) actually run on the home railway, taken from Table G-11 of 
the Review of the Revenne Account (or adapted trom that Table) or 
the andited weekly returas for the time T under consideration, 

D, == detention, reckoned in goods vehicle-mileage, in the time T— 


={ Wein xy 


maz (Vit). 
Dg == detention, reckoned in days, per wagon, in the time T— 
YD, V— a. 


Perc: eee mestinemetimamnnatio 





° 
hre "., 


h 
Sx Xs Sx xX 
t == actual working days or effective time, in the period T under consider- 
ation—* 
a (T — Dy). 
tw == freight in tons per wagon, taken from Table A, or G-1, or M-1 of the 
Review of the Revenne Account. 
W == weight in tons of a wagon and ifs freight. 
FB z= additional gross ton-mileage, which is desired. 
Then the gross work done by one wagon is— 
== Wx UN x tx «ton miles 
* By toorking days are teeant days during which all the goods vehicles, those constructed and those 
hired, travel coutinually through the day at ‘ between-station-goods-speed " per hour. 
Ut may be wali to remark that atl the data sent ag gross goods ton-mileage, goods vohicle-mileage 
(paying and free), bc, whether taken from the 
(a), audited weekly returns, 
(5), or from the half-yearly Revenue Accounts, must be adapted to the time T under consideration, 


It may be shown that 
vehicle milesre (Table ¢ Gell of the Review ¢ of the | Revenve Account) 


MeO coat pepe freee eterna aetna 


number of vehiclen (T's able 13 of the “Rovenne Account) x honrs in a day xspeed between stations 
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And the number of wagons eae to do the gross ton-mileage F is— 


acs = 


Wx a Xt x '3 
a formula which commends itself by its extreme simplicity. 

§. At any time the work done on a railway is represented by the 
ton-mileage ; but the ton-mileage ts not the measure of work done. The 
instrument by which the work bas been done is the rolling-stock, and 
must be considered. 

To compare the work done— 

(er), at different periods on the same railway, 

(%), on one railway with thaton another, re of the same, or of different gauge, 
the ratio of Ait tmcamciy ste Nc’ — i must be used as the measure of 
work done.* 

6. Onaccount of obstacles presented by the direction in which the traffic 
flows, it will sometimes occur that a large amount of rolling-stock is 
required to obtain the wort Ro which at other times is effected with a 
small amount of stock. It is the first aspect of the traffic which has to 
be considered, if the number of vehicles for the maximum traffic, at any 
particular period, is required to be known.t 

The period during which the rolling-~stock is most severely tried (in s 
traffic sense) has now to be determined. 

(¢), When traffic fows from both ends of the line, R will be large, and v will be 

small, or the ratio — will be a minimum. 

(%). When the traffic fows from one end of the line in order that the same wark 


» « v * a 
R may be dove, « will be large ; hence the ratio — will be a maximum, 


1 
Let i, = measure of work done on another Railway B. 


ps vehicle mileage (Table G— lof the Review of the Revenue Acconnt) on Railway A. 
muraber of vehicles (Table #2 uf the evenue Account) x daya in the tine considered 


ji = ditto, ditto, ditto, ou Railway B. 
f 
fy Jky 


¢ The expression “ maximum" traffle requires to be defined. It means the maximum traffie at s 
certain period only, under the ecasting circuimetances of the railwey. P 

Tf ite mileage (single or double). its gange, its stations per mile, ite gradienta, &e,, bo altered, the 
maximum trafic of the railway will alter too; and a fresh departure, from fresh data, should be 
taken. 

The means of traffic being supplied, the traffic in some cases multiplies and (as it wert) reproduce 
itaels 

This fact does not vitiate the valne of the formals which can easily be rp-epplied, as clrowmatances 
demand. Index! by means of the formula evolved in this Note, the rolling-ttook may constantly 
be kept in balance with the traffic, and wasie be avoided. 
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(ce). When the traffic is languid, the work R is necessarily small, while v does not 
diminish in the same proportion; hence the ratio — will be neither a 


minimum, nor @ maximum.* 
Hence the period during which the traffic is tru/y the most severe, or 
the strain on the rolling-stock tru/y greatest, is when— 


v , a 
“s Ig & InNeximum, 


For the Eastern Bengal Railway, the value of = is given for each— 


half-year, December 1870 to June 1877, see Tables (II.) 
month, November 1876 to October 1877, see Table (VIL) 
7. By means of the three formule— 


(a), number of wagons required for certain svork = Wes 0 5e oe OF bars, POTO- 


graph 4), 
ton capacity of rolling-stock __ 


(8), measure of work done = - Snes a eee 
~ gross-goods-ton-mileae 





=e (paragraph 5), 

(c), intensity of the work done = _ energy Ww ith the _ has been used _ uv %. (para. 

graph 6), 
the rolling-stock can easily be adjusted with the greatest nicety to the 
traffic. 

It may be asserted that these three formule provide for all the cireum- 
stances of traffic, whethcer— 

(7), it flows from one end, or from both ends of the line; 

(A), home wagons are lent to forcign lines, or not ; 

(1), foreign wagons are running through on the home Hue, or not ; 

(j), foreign wagons are borrowed, or not ; 

(4), the wagons be of the same capacity, or not. 

Any question, relating to traffic, can, with exactitude and ease, be de- 
termined by the aid of these three formule. 

8. It would be of the greatest utility if the three formule (mentioned 
in paragraph 7) were worked out for every railway in India, Guaranteed 
or State: a true comparison of the rea? werk done by cach railway could 
then be made. 

9. Difficulty was found in framing Table (VI.) 

In the audited weekly returns, Eastern Bengal Railway,— 

(nm), for the 10 months, November 1876 to August 1877, the ton-mileage was not 

give; for September and October 1877, it was given ; 


* The vebicles wil ran Ught: their number will not greatly be diminished. 
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Co), the vehicle-mileage, for the 12 months, November 1876 to October 1877, was 
not given ; 
(I). The vehicle-mileage was thus obtained :— 
Gross goods vchicle-mileage, for the month == total goods train-mileage x namber 
of goods vehicles in the train + mixed train-mileage due to goods * number of 
goods vehicles in the mixed train. 


The train-mileage for— 


Goods, Maintenance, 
Mixed (portion due to goods), Miscellaneous, 
Return empty, 


was taken from the andited weekly returns. 

The composition of the train was taken from Tavle A-7 of the Review 
of the Revenue account for the half-years ending December 1876 and 
June 1877. 


To the months— 


July, September, 
August, | October, 


of the year 1877, the figures (in respect to the composition of the train 
for the half-year ending December 1876) were applied. 

(ID). Anattempt was made to obtain the goods ton-mileage from Table 
VI. by working through the invoices of the Eastern Bengal Railway for 
ten months, November 1876 to August 1877. The labour of going 
through this calculation was, however, saved by an artifice, explained in 
para. 10. The invoices consisted of twenty bundles of such a size that 
they filled a cab. 

10. ‘The method of application may be illustrated by an example, 
taken from the Eastern Bengal Railway. 


4H 


From Table 11. it may be seen that = is & maximum in the half-year 
ending June 1877 ;* hence it is not necessary to consider any anterior 
period. To obtain with nicety the “ léntt of work” which can be got out 
of a vehicle, the month in which = is &#maximum should be known, and the 
figures for that month applied. 

From Table VII., it will be seen that the Eastern Bengal Railway may 
practically be regarded as a line on which the traffic flows from one end 

* The real maximum took place (see Table Il.) in the half-year ending December 1878, and the 
figures for this half-year should properly be taken ; but as no ton mileage Ie givon month by month 
for that half-year, it te better to take the half-year ending June 1877 (in which ths traffic wae cer- 


tainly hoavy), and the figures of the wonth of September 1877, which give adecided mazimam. This 
je simply a matter of judgment and convenience. 
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only. This is the most adverse view of the traffic (sce paragraph 6, 
clause b), and may therefore safely be adopted. 


This view being accepted, that period in which the tons lifted is a 
maximum will also be that in which the ratio = is a maximum. The 


labour of working out = for ten months will (in this particular instance) 
be saved.* 


A glance at Table VIII. shows that in the month of September 1877f, 
the maximum number of tons was lifted; hence, by what has been said 
a maximum in that month. 

It is now established that— 


Uv. 
— is 
7 2 


(1). - is a maximum for the half-year ending Jane 1877, (see Table IT). 


(2). 4s a month of September 1877+ (sce Tables VL and VIIL.) 
11. In respect to the month of September 1877, we have— 


W = 9°7 tons (freight)} 
w= 3G tons 
t==7'7 days (Table VI.) = effective time 
#==:15 miles per hour (Table V.) 


Then, by pocae 4, the work done by one wagon in one month is— 


tons hrs dara miles 


= WK2EX EX SHOT KEKE x 1s 
== 27,936 gross-roods-ton-miles : 


* It must be understoad that this artifice (for avoiding the labour of calculating =) is only allow- 


able when the circumstances of traffic are as hercin stated. Tf the traffic flows not only from ond, 
bnt also from different points on the line, asinthe case of the East Indian Railway, thin artifice oan- 
not be applied, 

¢ Properly, a waonth of the half-year ending June {877 should be takon; but it is manifestly best 
to work with the information that in most recent. 

It ig evident that the work done in September 1477, waa aq maximum; the monthly accounta (aa 
stated in paragraph 9) are not at present rendered in such detail as to enable one to say whether it 
Was the niaximium work, or truc Jimit of “work of a wagon”. 
indicated In this Paper. 

t Acconting to the Review for the half-year ending December 1876— 

The number of wagons constructed is ove és +a ove ase ate wl 
Aad wagone borrowed in July 1577, fram the Calentta and Bouth- Eastern State Rail- 
WEY, ons woe ere ees ton ves 40 


rt ) ) aon eee 


teh cae, Ye = 251 tons, see Table VI. 
“vehicle aicar WDRTOLL ene " 


Weight of n wagon = 6-2 tons, see Table V. 
*, Weight of a wazon nnd iis Joad = (6°2 4 378) =: 97T tons. 
Moximury tcleght ton miles of a wagon in one month, 
tons. Jirs days wilos 
SH WKB Ld 
page. 


The mezhod of procedure is however 


een ver wae gee ee 
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and the additional number of wagons required to do the additional workis— 


_. 2638659 gross-goods-ton-miles __ ; : od 
= “97936 gross-goods-ton-milea 94-0 wagons, in addition to the 40 


hired wagons.* 
12. In his letter No. 3759 of 5th October, 1877, 


Bengal Railway, states that, to support a traffic 25 per cent. greater than 
that already on the line, he requires the goods-vehicles set forth in the 





the Agent, Kastern 


following Table :— 
a ee ee ee ee ee ee 


SUMBER OF TraIns | NUMBER OF VEHICLES 





























To Stations fess 
| Ty c From {| Total cee Tota) hoe 
Trains daily Goalundo ef 5 i) 1 = 40 | 400 | 480 
TOSCTVE, soci eae ane oe 6 sip See 80 | 
Trains daily wf Kooshtca Si 1 I 2 40 80 t 96 
FOSEEVE ee nee ro ate Pn ae 16 | 
Reserve for --., Sealdah, Chitpore 
| and Tramway, | .. os we 2% 120 120 
Mixed train daily ...| Gualando ../ Ly. 2 30 GO ob 79 
| 12 |f 
Mail trains daily .., Goalundo | P| 1 | 2! 80 | GOTL ae 
reserve fo twee , a roof ows is Wif 
Locomotive coal Sdenaie bi | ae ae 40 | 40 
Total number of goods-vehicles, es 880 
For repairs, 5 per cent., ae 44 
Emergencies, a ae oe 9 
Grand total number of vehicles, .. 933 
Deduct vehicles available on the lne,t a as 648 
Additional number of wagons required for the additional 25 per cent. of work, 276 


sta ore i DE PA TESA SOS DET IN cA SRS AEDT atte 

18. Collecting the results in paragraphs 11,12, and 18, itis seen that, 
to support an additional traffic equal to 25 per cent. of that of the half- 
year ending June 1877, the number of wagons required is-— 


© Tn hie letter No. 3754 of fith October, 1877, the Agent, Bastern Bengal Rallwey, destred to have 


goods ralling-stock capable of carrying 25 per cent, more traffic than that already carried on the ling. ‘“ 
New, for the half-year ending June 1877-- | 
The grose-govds-ton-mileage is, excluding engines and tenders?ace Table M-1 | 

wen 63,327,814 ie 


of the Review of the Revenue Account,  ... 
and 26 per cent. which bes to be carried in addition ‘in 6 months is vee sow 10, BA, BS 
ity » i 7 month is aa5 av 2, USByBRS | 


$ This tould te TO), see Tubte i, 
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94, by the formula, when the figures for the month, in which the strain on the roll- 
ing-stock (in a traffic scnse) was greatest, is taken ; to this must be added 40 
to replace the hired wagons. 

282, when the Table of Trains given by the Agent is considered. 


By paragraph (12), the true number of wagons required to do the 
additional work is (94 + 40) = 134, because that number is derived 
from figures showing the traffic of a period during which the strain on 
the rolling-stock (in a traffic sense) was greatest; or when the “ limit of 
work” of a wagon was most nearly approached.* 

The work done and the intensity with which the instrument (the rolling- 
stock) was used were (as seen from the Tables IT. and VI). greater for 
the month of September, than for the half year ending June 1877. 

if the intensity with which the instrument (the rolling-stock) was used 
in September 1877 could be sustained during the year, only 134 wagons 
would be needed to do 25 ner cent. additional work. 

The number 275 given by the Agent has been arrived at, ag seen in 
paragraph 12 in manner more cor less arbitrary; perhaps it includes 50 
tu replace the 50 ballast-wagons, which have been used for traffic. 

14. The use of the furmule set forth in paragraph 4, in comparing the 


work done on different railways, is strikingly shown in Table IV., where 
the work of the— 


* This decides the number of additional wagons reqnired todo 4 per cent additional work. 
ingqniry may however be made as to the number of waguns required to do:— 
(a), the fetal work that was done in the half-year ending June 1877 plus 25 per cent. 
(o>), the total work done in September 1877 plus 24 per cent. 





Let N, = nomber of wagons required to perform the work, .......ecerseneneeseee bees ides (o, 
ere oer esieeavhctacasaeee wenn een pee oesnwvanseevves @veeabhoeouvnevunettieeane @#euwneeand ba seresonace (Or 
& 6332 7814 gr Ose “Ook. ton-miles, See page 8. 
Then BW, = ween ene = at in seen ne neem ot een 
™ aTOR 36 BLOKS-grOOrds-ton- -miles of one Wagon per ‘month x 6 months 
= ne 2. 


Bence in this case the Eastern Dengal Railway has— 
(701 — 472-2) = 229 wagons ico many. 


And Ny = (701 constructed -+ 40 hired -+ — ) wagons = 26 wagons, li the real “ dani of work 


af te wagon” has bean reached. 

Or, in thig case, the Rastern Bengal Railway requires 

(926 — 701) = 225 additional wagous, or 60 wagons less than the number desired by the Agent, 

The request for mare roUing stook, made hy the Agent in bis letter No, 3758 of the 5th October, 
1877, may be interpreted in the senae of (a), or (5). 

It may be surmined that it should be interpreted in the sense (a), as the Agent on the Sth Oc- 
tober, 1877, could hardly have known the extent of thf traffic in September 1877. 

Whatever the interpretation, the principle of working is not aifected. 
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East Indian* | 
Eastern Bengal | 


The economy which can be effected by tho nee of the three formule in 
paragraph 4 is evident; thus the Agent, Eastern Bengal Railway— 
(a), has obtained sanction for 200 iron rectangular wagons, none of £ 

which at present are crected, at a costtof 200 wagons X18&4'5 — 36,900 
(4), has asked for sanction for 75 cylindrical wagons ata costt of — 13,410 
Total expenditure sanctioned and that desired, .«- 50,310 

On the same basis, the cost of 13¢ iron cylindrical wagons shown 

by the formula to be sufficient (in place of 275 wagons) is 
wagons 1384 «x £180 es * oe eo. £24,120 


” 


Railways is contrasted. 





Hence in regard to the performance of additional work, equal to 25 per 
cent. of that done in the half-year ending June 1877§ by these formule, 
the saving—— 

Pa NS TLR LRT ETE A ETE 


SAVING IN RESPECT 
TO WAGONS 








Number | Cost 


ter Pe, | A OY OL ENN 





(c), would have been, in Eanes to the 200 sanction- é 
ed wagons .. os a 46 8,280 
(2), and will yet be, if the application for 75 more 
wagons be rejected, «+ sia o. 75 13,410 
Total saving (which could have deen, aud which may yet 
be, made) is, ee aa a 121 21,690 











Saving to such an extent as this is worthy of consideration. 

15. In paragraph 1, it was stated that these formule were truly ap- 
plicable when the line under consideration was, by reason of the traffic, 
distressed for rulliny-stock. 

It is manifest that the greater the amount of work done by one wagon, 
(see formula, paragraph 4,) the greater the need for rolling-stock. The 
formula, indicating the work done by one wagon, helps one to decide 
whether the application for more rolling-stock is justifiable, or not, 

The circumstances of traffic being different, it will not be possible to 


" The figures for the East Indian Raliway are approximate only. 


+ By letter No. 3261 of Sth December, 1476, from the Government of India, the construction of 46 
trou rectangular wagons at a coat of £7,081 was sanctioned. Henoe the coat of one wagon is £181d. 

t See letter No. 3769 of Sth October, 1877, fram the Agent, Bastern Bengal Nailway, 

$ it is not here considered whether the present stock fa maffleient for the total work, namely, 
that dene In the half-year cnding Junc 1877 plus 25 per cont. See note to paragraph 1. 
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obtain equality of “ work done by one wagon” amoug the different railways 
of India; nevertheless an approach to equality should be made; and unless 
the “ work done by one wagon” (determined by the formula in paragraph 
4) approaches to an equality with the maximum done on any railway, the 
application for more rolling-stock should be rejected, and the system on 
which the traffic is conducted be closely scrutinised. 


Referring to Table IV., it will be seen that the mean measure of work 
done* by the— 


: : 1} 7 
East Ind ailway i — 
ast Indian Railway is Tie 7 proximately, 
Eastern Bengal ,, ,, ses toes 41 


7307 QO'41 
or, the Eastern Bengal Railway, in half a year, does approximately one- 
half of the work effected by the East Indian Railway in the same period of 
time. 
The reason is obvious for (see Table 1V.) the detention in Ave per 
wagon is-— 


142-8 on the East Indian Railway, approximately, 
167°5 ,, Eastern Bengal Railway, 


in the half-year ending Jane 1877.4 
It is proper to mention that the Kastern Bengal [ailway, has, but little 
traffic, save in the jute season—July, Augnst, September and October.t{ 


* Trom the way in which thia measure is obtained, it is to be rememberee that the larger the 
denominator of the ratio, the greater is the work donc. 


¢ Or, it may be stated thut, in the half-year ending June Isv7, all wagons performed on the-- 


rotlen o miles 
hre ter hr. por aay 


Fast Indian Railway 24 x 176 = 4ueredt fur f= 58 2, approximately, 
Eastern Bengal ,, 24x THU NOU ,, fo BS" 

From Table V., we know the gro#s load of a wagon. 

Heace the grosa ton miles, per wagon, per half-year June i877, ia— 


smiles e gf Yess POs ton 
perday deys Wad moales 


Bast Initian Railway = 422-4 x G62 x 1G om TOE OA 
astern Bengal ., = S000 x Z3et wm OS4 = SWS9216 
t Tho maunis lifted (see Table VIII) in— 
Manniis. 


the 4 months, July, Angust, September, October 1877, ‘se aig oe om G84 20 
the 8 months, November, December 1876, and January, February, March, 


dayn 


April, May and June 1877, Sia aids ak ai cg ‘on eae OME TOG 
Total munnds lifved,... Pre POP) 
The proportion borne in— ae 
the 4 mon x eect mee OF Et le. 
onthe 1360.44 -o of the whole 
the & Cas 7,906,126 t 
7 iis * Tr 7 
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16. The formule may be used to determine the rate at which a home 
wagon shall be lent to a foreign line. 
Lotsa, = He In menthe \ during which a home wagon is absent on a foreign line. 


= ” days 
ba nm, : : the detention is 
In T months, the detention in days when 5 ade maximum, is Dg S not the same for 
which is known, every month. 
Mm: 
ae KD, 
a x 


Hence the actual working time in m, months, or c, days, is :— 


(¢ — _ Dg ) days, 


And the actual work, which would be done by the home wagon in M, 





m, Sark Ae ee oe ee biG! 


montlis, (at a time when — is was & maximum, ) if it remained on the home 


line is :— 
YIrs. Miles per bonr. Daya. 


aM 


=24 x 5 -+- (¢ _ aD ) xX w= P freight ton miles, 


Let (a) == proper rate in pies per ton-mile for home goods wagon lent 
to the foreign line. Then for the time m, months (whether the ton-mailes 
P be performed or not) the charge per wagon, lent to the foreign railway, 
should be— 


Ton miles. Pies. 
a DP Kod Se Dies. 


The proper value of (a) is set forth below :— 





RAILWAYB 








The value of (a) per ton-mile * : Per tom- mile, 


Eastern ‘eed! East Indian 





Meter tmeiineeentnnit nies LN mre nenNnee ele Fennel het Aap inmehonneniiediiel apt altel i pe ipamrachingtned i enerahe eee eternal 
‘ j 


| 








Must be greater than,  . : MSL | OO | Cost of repairs. 
Ditto da., ee 006 ! 9:2 | Lowest rate of carriage. 
Ditto less than, re ee 27°36 | Highest rate of carriage. 
Deduction from (a) for locos | 
motive expenses for haul-, 
age, | 0-45 | 0 24 


* By page 8 of the Goods Tariff of the Exatorn Bengal Rallway, the heaviest rate ig the fifth 


class, which is 2 pies per maand per mile. 
Remembering that J mauni = 0-03675 tons, 
ples Jaadl 
the rate per ton-mile = 2% -~>-- (0567) lous = = 844 pies, 
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The actual hire which should be charged by the Eastern Bengal 
Railway for wagons borrowed by a foreign Railway may be fonnd as 
follows :— 


Let P == 9,880 freight ton-miles, see note to paragraph 11, page 7. 
Then the charge per wagon to a foreign line must lie between 


Pies freight Ton-milcs, Rr. Res. 
(9°06 — O40) x 9,880 = 443 per month, or 14:8 per day, 
and (644 —~ 045) xX 9,880 == 2,776 ,, or925 


It may be thought that these charges are tmaginary—but they are not 
really so. 

On the Eastern Bengal Railway, an iron cylindrical wagon earns, in the 
brisk season, Rs. 50 a day*; and it is certain, that, if the character of the 


The lowest ordinary rate is 4 pie per mannd pcr mile. 
; ; ? 7 
Hence the rate per ton-mile = 4 pie x eseT Tons = 
From abstract C of the Revenne Account for the half-year ending June 1877. 
22,476 Rs, 


8 f wagon-repaire per ton-mile = —---—-—--——- Saeed 
The cost of wagon-re} B O,7V1, 426 tonemites (approximate) 


= 0-051 pler. 


By pare 17 of the Goods Tariff of the Hast Indian Railway, the fifth class or bighest rate, is Rs. 
600 for 100 maunds carried 954 miles. 


£00 Re. 
3°O75 tong X Yo4 miles 
The lowest ordinary rate is Rs. 168 for 100 maunds carried 924 miles. 
168 Re. 


AOI tane W OS males 


Hence the rate per ton-mile = <= 27°36 pies. 


Flenee the rate per tou-mile = 


=: tt? pies, 


From Abstract C of the Revenne Account for the half-vear ending June 1876 for the Main Line. 
oo din Res. 


ane wake rapa P SH055S 129 ton-milles 


=z O08 pies. 


¥rom Abstract B of the Revenne Account and Table M-1 of the Review for the half-year ending 
June 1877, the Locomotive exponses for haulage por gross ton mile are— 
1,4,850 Rs, 
69505 069 gross ton-nuiles 





'). From the Hastern Bongal Railway = ~ = 0°45 plos, 


* Minute of a couverantion with the Assistant Locomotive Superintendent, Eastern Bengal Rail~ 
Way, at the Wotkshops, Kanchrapars, in November (877 

The rate per wagon, per month, muy be founud from the ton mileage of the half-year instead of 
from a particular month, during which the traffic was very brisk. Thus the charge per wagon 
Would ba t—- 
ea oe ae x 006 plea, = Ra. 87°06 per month, or Rs. 2-9 per» 
should be dedneted haulage, ar Locomotive expenses, per ton mile), which is certainly ana 

The truth ia, the rate of hire should properly be worked out for every month of the year. If the 
Guaranteed Railways have not suffered loss from lending their wagons to foreign lines at Ra. 4} 
Ra. 4, of Re, 3, per wagon, per diem, it la because they Lave borrowed as Many 88 they have lent. 
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bulk of their merchandise wero such as to be charged 5474 pies per ton-mile 
it would not be proper to Jet a wagon to a foreign line at less than Ks. 92:5 
per day. 

It is rarely, however, that the bulk of the traffic is of such a kind as 
be so chargeable. 

It may be said that each class of goods Rolling Stock should separate- 
ly be considered. Strictly this is true and it might be done; but it 
would add greatly to the labour of finding the time when —~ is 8 Maximum, 
and the advantage of this refinement of calculation would not be great. 

Each particular class of vehicle is designed to perform maximum 
work in its own line; it is by cach class doing its maximum, that a total 
real maxinnum is reached. Consider the ballast-wagons,—these were 
largely employed in the transport of Railway Stores ; and it is probable 
that, used in this way, they performed their true share of work. 

Cattle wagons might fairiy have been excluded; but their number is 
so small as not materially to affect the question. Brake-Vans should 
perhaps have been excluded, yet each carries 5 tons freight. 

The example in this paper is given simply by way of illustration. 

17. In drawing up this Paper, and in framing the Tables, care has been 
taken to give all references, so as to render the process of calculation 
as easy as possible; and tu secure accuracy in the tabulation of the 
figures, 

The Reader is invited rather to consider the principle [a e., the 


use of «| set forth in this Paper, than to scrutinize the figures. 


H. W. Cc. 
CALCUTTA, 
27th November, 1877. 
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Showing the work done in the 14 half-y 
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HALY-¥ 
| ST 
! June | December Juno Decembar June Dece: 
6. of goods vehicles, ; ee ; 640 640 650 705 727 
Fable 13 of Revenus Account. 
o. of covered goods wagons, ae o. z 461 man 461 461) — 460 
», of iron cylindrical wagons, eels : Neu A | 10 60 80 
ipacity m tons, = «. ° - 5,975 57D 6,070 6,593 6,803 { 
Table 12 of Revenue Account, Table onl | 
of the Review, and Tuble £ of this Nate. 
‘ain-mileage, Goods, ie as ea oe - os oe es ee 
fable D-1 Footnote of the Review. 
m-mileage, se one a we 53,443,195 54,838,700145,048,548162,285,626)70,725 
}. Coaching and goods. | 
| 
tad 


). Gross goods only, .. 39,368,815 137 ,799,092/28,908,665'41,869,142150,738 


4 
ae| 
1 
1 
6 
a 
* 


Item 27 of Table M-1 of the Review. 


Ttems 19 and 26 of Table M-1 of Re- 

vie. 
| Goods, Up, .. ia i ee 6% ve 
Table C of Review. 

Goods, Down, - Pe és es oe ‘i “ij oa ae . 


| 
| 
| 







hicle-mileage, goods (inclnding brakes), |v| «+ | 3,760,802] 8,728,979] 2,808,975) 3,858,688) 4,632 
Cable G-11, or items 14 and 16 of Table 
M-1 (previously to December 1874) o | 
the Review, 
fo of Teleht ton m capacity of goods vehiclea | 1 i } 1 1. 1 
ee TORS nes Goode ‘ton- ~mileage Ri: “onse1 “$227 a “Sier7 Gigs a WET 
io of Ute.” with which the stock was worked) 0 
‘meagure of work done iRi.. | 6708 | 5980 | 6406 | 262 | 621 


# Pte shoamld ha é 


THE COMPLEMENT OF 


II. 
Raiway. 
December 1870 to June 1877. 


SED GARETT TRIN III 
ENDING ' 


Se a steacieiantt aeeenamamaeme 




















ROLLING STUCK REQUIRED, 





1873 1874 187 Sci 

June | December Juno | December June December a 
78D 702 qi i 707 707 
460 298 Bok vous O4G; ott; 
142 ed 157 1&2 Ji 194 
7,892 ae 6,606 6,773 6744 6,879) 
149,444] 167,879] 134,346] 198,746) 98,814 122,362 


68,425,121/71,635,206181,151,421178,077,034'68,6! S852 72,654,696 


| 


43,826,467/89,400,405158,958,696155,298,16!1/43,954,132 419,358,048/44,781,182168,092,350'63,327,814+ 


t 


8,462,604] 9,660,530] 8,078,117) 2,901,408) 2,135,424 


ae 


Seti, 1 1 1 L 
9289 | 57704 | 89343 | Sléd5 | GalTS | 71752 
698-0 | 786-7 |. 5146 | 566-2 |. 51G2 | 5475 





18,075,096114,762,881114,901 521/10, 148,534.13, 140,151111,297,008]18,037,444118,941,083 |, 
! 
4,138,016} 4,250,937] 4,592,210) 4,622,939] 3,364,367! 3,928,278) 3,690,803} 5,491,047] 5,916,694 |. 


69,501,069190,861,304 


2 350,880) 3,786,006] 4,183,510 |. 











ETC. 17 
1876 1877 

June December June soa 
716 716 TOL | oe 
O46 SAG 346 | ve 
1d4 194 194] .. 
6,028} =. 928) «= G BO5*) 
116,525, 144,867; 148,865) .. 


s 


* 


a 


1 1 1 - 
G4G38 | 98985 | 929441 |. 


5710 5568 6266 


eee emma Rnmnnnmnmuanmmnanne 


for this cares had not been prepared when this paper was written, 
201 


THE COMPLEMENT OF ROLLING 8TOCK REQUIRED, ETc. 


18 











I 
G63'86('F | ESt‘gLLiag HO 
! : 
| BIL60s'S1 eee 
CIS FHGE | GIe’ees‘IS @ 4c 
O60'I92'SF | 19%°ce9'ee9 FI | tee 
‘ t | rye toe, 
es0're'39 | ceococuss | gt 
| | 
0°9FSI | OCs Ls e } vite 
j 
| : 
$19'9 | S000 Cy | oat 
| i 
¥0L | FIST | ey | ts 
4 graad- 
uBayy : THIOL ioe tae ! 
| | . 





“LLEL OuNp OF OLBT aaquie.aqg 


‘oulp 





OVI 


‘LI9T OUNE 0} EIQ] Jaquia—e 


HILT AaqwIoa(¢ 07 OLS] caquIadacy 


“LIST ounp OF ELg] oun 


Jat 


s 


T une Ol d/ST oune 


iia UNG OF GLsy aun | 


E1vad-j[¥T JEU AL 


| 


aoe 


ase 
see 
3¢8 


tate 
eae 


ot 


see 


| 
| 
| 
| 
| 
| 
| 
7 
: 
: 


| 


oles itenoj spood #033 meats 


sajfyea spood 


oe 


eon 


te 


sor 








Jo Aypades- 203 4q3jag awsUl P ont 


tee ene =e ‘spoon 
mm aZeajiet-aporya A 
Bay sue *‘1a0q—{p) 
oe fea eee ‘dy—(0) 
“ses ‘xrao spoory—(9) 
‘spoo3 pus Sumowepj—(v) 
—oSeaitm-a0y, 
ase oan “ee ‘spuor) 
—oFea[U-O1e1 Y, a 
‘st0] UT saja194 spood yo Syoedeg 
oun ‘sapayad spoos jo Way 





tA ope neha cngesneentenseptansnsnmsiasaptnetistntstanenentusemmee 
*(aaded ety3 JO ‘T] o1quy, Wor] uayBL) 


‘sepah-fyoy pouaaas fo ysom-unars aya Burnoys quawazo7¢ 


‘AVMTIVY IVORAG NUALSYAT 


* 


HI dTavai 


SOG 


TABLE LY. 





means of the ratio of 








Giving a comparison between the Work done by the East Indian Railway and that by the Eastern Bengal Railway, by 


capachiy of gooda stock 1 
goode ton-micage 


—— 
a 


3 R 


(Taken from Table U. of thie Note. and Table XI. of a Nete, dated 2lat Jnly 1877, by Captain Clarke, R.E., on the “ work done by” the Bast Indian Railway.) 


ussite sc ALO AEP E POEL ECCS IE ECON EEE: A OT TLL OS SLED SETTLE 
HALP-YEAR ENDING 










































































1879 7 ec 1874 1975 | 78 |B 7 
RAILWAY pe ee aes aay Garam raaear “ania 
3 i 32 | B 3 | g 8s | g 
| eigle|/@lelelelglelbie;yelaeyble : 
= S| a } a ad = 
cca ta att | 
East Indian : f H ! ! 
capacity of gcods stock J | | ne ed eee ene ee Be ae ee ee ee > | 4 I 
grosa goods ton-milcage — | re ee eis ji 0850 14,842 LLGI6-1} iG, G78 4 [15,7564 a, OoT 2 see acest lee tla 18,143°8 
wat a e x i t lad 
Se ae | eee eee ee ee 162 4 | 156, WGl2) 1862) 16s | sae] 1557 | 1428 
' tee an eae ees! ; 
fasern Bengal j } i ! } | | 
capacity of good: stock | ae eat eee oe eee, ee OE Be nee, ae er ome ces eo ee cee 
gros goods ton-imniteage | pom | 6227 | “4885 | Ging | 7407 | 5929) Si7u | Boa P RIAE | GAIT, TITS | 6464 | 9828 [103Z0 
Tanti in days pb « i i = ‘ i | . 
con tale ¥. Saas bins oe aad | see ce 166'4 1678 | 1628 ! 1659 | 167°9 | 168 6 | 18-7 | 162-9 | 57'S 
4 i , j j 
: ee ee eee ee ee ee: | |e 6 iasate ee eae 
| saiied 
: freight ton-capacity of goods stoc 1 ; . 
Mean ratio of cruesue sds ton mliedne ja,1i06 for the East Indian Railway. 
1 
if rE oo " ” 7,136 "” Eastern Bengal ,,; 


semqcesewsnenennenesesnmmsteatumencaaseammsesman sages tea aA AOC TTA SADA LAE ESAS Ce ECL CCC SCLC CL SO 


Note.~—The difference of time in days that each wagon was detained sccounts in a great measure for the difference in work done, 
The vaine of A for the East Indian Railway is taken from Table XI. of a‘ Note” on the work done by the East Indian Railway, and may be considered 


approximately correct 


The detention in daya ia for the 


East Indian Railway only approximate. 
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TABLE 
Eastern Benear 


Showing the detention 





ihe 
HALF YRAR 


Cel 








June | Decomber | Jane | Decesaber 


ee she rene bi em 





aN aM tt me ee ems 


seenecrer ee ae tte ear Yn aN Ngee a Hm wee ee ee 


















No of vehicles constructed, Ss 789 727 702, 710 

Table @-Lof the Revier, or Table XII. of Revenne | : 

Account, .. i : ee : 

Vehicle-miloage— | 
(a.) Total which could possibly be run, if the vehicle 

ran all day and every day, at “between station’ 

mile per hour, VST ALT, 240 48,156,480, $5,742,520'47 030,400 
(b.) Actual Table G-11 of the heview or Tuble Tl. of | 

this Note, .. rn | 4,138,616) 4,250,987) 4,592,210, 4,622,992 
Difference or detention in the half-vc: wr reckoned in—- | | | 
(c.) Vehicle-mileage, .. ay oe i Dy 47,272,624 49,905,549:41,150,110 42,407 168 
(d.) Days per wagon, we és aS By 1604 | 167'8 1625 1659 
Averace sighs in miles of goons train. 

Table F. of the Remon, 
(7) Between stations, .. Af a oe) BS ta BIE 150 190 4 
(g.) ‘Through, “i ge NSE tol ey: 15-0 150 15-0 
No, of working days, or days dari ing whieh (he vehicles | 

rap continnally throngh ‘the 4 bours of a day at a | | 

apeed x, ee se hs “ ne fF 14-6 16:2 18:2 181 
Weight in tons of a wagon, Pe ae ge | 6-2 G2 we 
Table A~8 of the Review uf thr Revenue Avcount. 
Weight in tons of a wagon and its ual, .. San A Mi 10 10 103 





The Goods vehicle mileage is that shown in ‘Table G-11 as paying, only; itshould have been that paying 
Account. 


June S73) the Goods vehicle mifeare shown in items J4 and 16 ol 
For the half-year ending « December IATA the heading & total mileage of cach description of atock "has 
June }474 nal been framed, 


It will be geen by referring to latter Reviews of the Reyeuue Account that these or corresponding items 
G-li of the Keview of the Kevenue Account, 


For the ‘half-year ending Jone 1877 from Tables G—] and M-1 of the Review of the Revenre nse the 
Er b tom 


224 21 47-63 4 1 + 13°96 4- 184-62) goods vehicles x 401 
67°76 mineral K HH 
4 entitle 1177 


Total load of vehicles in working order, 
Iience the average freight— | 
pags 
sicinsaenennitn 
BHR 4H) 
ohib ted 
9 constructed Set mene roi 


Per vehicle in working order == 


Similarly for the half-year ending a ane 1877, 
The freight-» . 
Per vebiele in working order i 
” constructed * 
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Vv. 


of goods vehicles. 




















A ESTAR LT ETL ELL TT ELE LODGE DOLE LIGETI STE LT ECE DIET EET E EEN III E TE ELE ITE TLE IO ELLIE AD I ALERTED 
ENDING 
sae OF 9 HALI-YEARS 
1876 | 1876 1877 
aimanemreoraios Aa ENN LEER IEEE NE ALL IL EO LIC LCL COOL LL ALLEL LL LT CT CE CCT tS 
December | June | December June December Total Mean 
cane asepsiiatatcntccte APD GCA AMALIE LAL TELIA LE LL LLL ALE GL L NCT L 
| 
707 707 | 716 701 | 70l | a 6,460 17-8 
| | 
ae 46,831,680, 46,654,500 46,834,240 45,677,160 ‘is 424 006,200 | 47,111,800 
3,864,067! 8,028,278 3,690,808; 5,491 sG47: 5,916,694 oo 39,996,484 4.444.054 
42,703,753, 42,903,402 42,9637 Sf 40 942.693 09,760,466° oes 384,009, 716) 42 667,746 
167-4) 1686 166° ra 162° "2 157'5 ie 1435" 7 165-1 
15:0 150 col 15 : 
| 15°0 15-0 150: i 15 
% 
a 13-2 15-4 145 21-8 234 150-2! 72 
: 62 62 hey 62, U2 = 55'S) 62 
Los 10°2 10:1 106 100} a a2 10-2 


"SEAN NO TS DI CEP SST PEI EAB SNE IDLE SEE ETE TOE TIE EIST SEI STE LAE PLE DE LIE LAE ECOL LEDGE DTT 
and free, in Table G-11, of the Review of the Revenue 





| Table M-1 of the Review of the Revenue Account under D,y=(V =») 

‘been used, because, in those half-years, Tabie G-11 had 

dy 

sagtee with the Goods vehicle mileage given in Table Di= S xs x 24 hours 


; ¢ == number of days in a half-year (T = Du). 
verage freight of a wagon is thus found :-— 
ht tons 
= $288'577 
= 262-028 
= $798 
Seite DRoRECR ey 


= 2655'323 
= 89 tons, 
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: TABLE 
Eastegm Besgat 
Showing per month, for a period of 12 months, the vehicle-mileage 





























(Taken from the audite 
PRR TIAA ETI ES PEE ESS SEE IE ST ETD SAS NA TENTS ESET SESE AS BLS IR SE Ta ian ate, 
1876 
. Symbol ~~ pees a sl 
| Novembar | December | January | February 
Goods train mileage, .. ss we oe er 23,784 26,408! 26,598) 23,095 
Mixed train mileage, .. ae of ge Ke ate 16,143 16,536} 16,704) 15,022 
Goods train mileage due to goods portion of mixed 
train, an oe ma os oe o 6,649 6,811 ve ee 
Freight ton-mileage, ae oe oe ey ve ee ee ve os 
Goods vehicle mileage— 
(1), Total which could possibly be run if the vehicle 
ran all day at “between station speed’? (s 
miles) per honr,.. Bs . os | Vi s{7,732,8) | 7,990,560) ‘i 
ie . { Goods, os ve foie 908,062 | 1,018,370 wi ik 
(2). Actual vehicle mileage, ) yyixed (due to goods), .. | 104768! 107.3411 is 
Total goods vehicle mileage, ee |} ov 13,012,850 | 1,125,711! ., ey 
Detention reckoned in— 
(1). Vehicle mileage, oe os eo | Dy 16,719,950 - is re 
(2). Days per wagon, xc oe «| Da 20°07 26063} as se 
Number of working days in the month, or days during 
which the vehicles ran continually at “between sta- 
tion (# miles) per hour, .. - ee ee | 39 44), re 
Tons b y oe oe oe os °° ae 32393 BABY ee on 
Ratio of— 
(1) Freight ton capacity of goods stock, ie id 
:  Freigist goods tou-mileage, oi I ou +s oe ae 
(2) Energy with which rolling stock was worked, | ov | : 
. Measure of work done, "TR ba zy 2 - 
ER RRND. 





From Table A7 of the Review of the Revenue Account for the half-yoar ending— 


December 1876, the namber of vehicles, including brakes in a train was, .. ‘a oa 


Jone 1877, es ne ee oe ie ; 
The goods train-mileage due to mixed traina for the half-year ending— 


e o, ve 


A se 15°76 
December 1876 = mixed train mileage x 36-96 | In defanlt of better date, the rigures (a8 


June 1877 = ”% ba 
half-year ending December 1877. . 
oods vehicle mileage == (goods train mileage X number of goods vehicle ing goods tain + mixed 
Dy (V~r) The value of ¢ == 15 miles per hour, 
D, » » 8 716for each : be Lnery  eveesbee, Deen 
ee Table No. 1 venue 
Deseg max 24 hours, 


COMPLEMENT OF RGLLING STOCK REQUIRED, BYC, 23 


VI. 
HAILWAX | 


ie aeie and to nf wergy with which the goods Rolling Stock was used. 
ton-maleage, ) ratio of measure of work dune. 
weekly returns). 


eo asc OC i SARTRE EDEITE RELEASES CSET LU LINEN NE TELE EET TEC TEN ALO NOE LLORES LITTERS, SET ITN TE STN ES BT TT ITO: 


1877 








Seemtened 


Warch | April May | June | July | August | September | October 
FPavereareT nT ae eee eaemneeteantendtlietoatt hase enenenae ete nm areeemeciernameesmnnamnenenninemem enameeen meneemes eae eae 




















28,867 30,779 $4,377 30,764 42.415 48,376 49,294 48,718 

16.704 | 38,976 | 16,704 | 16,143] 16536] 16,582 15,975 16,703 
. si " - 6,811 6,830 6,580 6,888 
ee “0 ex os re ** 6,987 ,442 6,621,794 
os ee se ne 7,990,560 — 7,990,560 7,782,300 es 
ae av ae a@ 1,622,798 1 850,866 1,888,410 ae 
a x ve ee | 107,34) | 107,641 103,701 . 

t 
& | _ . | es | 1,730,139 1,958,507 1,987,011 ” 
Pa ae o + — | 6,280,421 | 6,032,053 5,745,789 
‘ ee we is pe a 2o4 2229 ie 
: ve oe oe oe 67 7'6 ar | 
6814 1 | 68i4 1 
i e as “i re o» —-(6,087-442 1025-'6,521,799~ 957 
on * oa as es oe 1933°8 ae 
‘SESE RAC CSIR LR RPI NN ARE REE RTE ACE PSE EOE EE BEE UE SO REA IIRC AR IETS SA I VEL COOE TRESS ECAR TES EEL ELLENTON ECL CELE TAIT 
Passengers Mixed, Goods, 
15-76G ; 
a - - 1561 Soop 2886 
nea se te ea ? ? ? 


regarde the namber of vehicles in a train) for the half-year ending December 1876, are to be applied to the 


train mileage dus to goods X number of goods vehicles in a mixed train). 


Tuly, Angnet and September 1877 
the half-year ending ber 1876. 
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JEYPORE CHURCH—RAJPOOTANA. 
{ Vide Frontispicce and Plates L—IV.] 


By Carr. S. S. Jacos, R.E., Bec. Engineer. 


In any design for a Church in India several points have to be considered 
which are not necessary in a colder climate, and the difficulty is to com- 
bine these peculiarities in such a way as not to impair efficiency and at 
the same time to be in keeping with a style, with which all our feelings 
of devotion are associated. 

There must be the means of adjusting the entrance of light so that 
while there shall always be sufficient, yet the sun’s rays and heat and the 
glare shall be excluded. 

There must be means of ventilation, sometimes to adn.it the air, so as 
to create a thorough draught and sometimes to exclude it altogether. If 
Tatties are used, they must be where they can be easily watered without 
disturbing the congregation, must not exclude the light, and must be so 
distributed as to be effective. 

The Pankahs should have a good swing, and should admit of being all 
pulled in unison without any sound whatever, and should be of a neat 
design suitable to a sacred building, and not like the articles so often seen 
and so distracting. The acoustic properties should be considered, where 
often all deors and windows are open. The doors or windows should, if 
possible, be eo designed as to secure privacy and prevent interruption 
from persons ontside, so as to assist concentration of thonght in the wor- 
shippers. The seats should not be too close in a hot climate, and should 
admit of a person listening to or offering prayer without discomfort. 

All woodwork in the doors or windows should, as much as is possible, 


_ be protected from the weather and the sun. Everything about the build- 
Zr 
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ing should be thoroughly good of its kind, and as unperishable as possi- 
ble—in order that the ravages of white ants or insects may be guarded 
against and repairs be seldom or never necessary. 

This Church has been built in the early English style—and it is believed 
that all these points have been attended to—while at the same time there 
is nothing about it, nor in any of its details, inconsonant with this style 
and feeling. 

It is intended to provide for 100 sittings. The design comprises 4 nave 
(55’ x 16’) and two side or verandah aisles 8 fect wide. In the second 
bay from the west end in each of these aisles is an entrance doorway 5 
feet wide, protected from the sun and weather by a porch (7' x 6’) in 
which are side seats for the use of any one obliged to wait at any time. 
Over the entrance porches are marble pancls bearing this inscription, 
“(Enter into his courts with Praise”, The quatre foil openings over the 
side seats are filled in with red sandstone tracery, showing the sacred 
monogram. Over the doors inside are the words, “Draw nigh to God 
and He will draw nigh to you”. ‘“ Him that cometh to me I will in no 
wise cast out”. ac 

The Font is placed near the west end where a line from the middle of 
the first bays intersects the centre line of the building. It is entirely of 
polished marble, and was made in Jeypore. It is the gift of a friend. 
Round the plinth is the inscription, “ And Jesus took them up in His arme 
and blessed them ”. | 

The two last or east bays are separated from the nave by the chancel 
arch and side walls. This forms the Chancel, which is raised by a step 
of 6 inches above the nave. The chancel space is about 14’ x 12° with a 
raised apse beyond. The portions of the aisles, which are enclosed, form 
the Vestry on one side, and space for the harmonium on the other, each 
12’ x 8’. They aro fitted with window-seats, shelves and hooks, andthe 
arched opening which connects each with the nave is provided with a 
brase rod and curtain, which can be drawn when necessary. Over the 
chancel arch ts the text,“ O send out Thy Light and Thy Truth—let’ 
them lead me”. 

The Apse is rather more than half an oclagon and provides bpace of 
19} x 8’, which gives room for the Communion Table, and allows space 
for officiating Clergymen to pass each other without inconvenience. 

Alter Rails are ornamental polished brass standards Atted into a 
- BZ 
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continuous marble base—-and mounted by a shisham wood handrail—the 
centre portion of which is fitted with a brass hinge to fold back horizontally. 

The Altar chairs are of the Glastonbury pattern, of dark shisham wood, 
fitted with plain red cushions for the back panel-and seat. 

The apse is lighted by three windows, one in each face of the apse, 
placed at a height of 10 feet above the floor. This prevents any incon- 
venience from the sun at the Morning Services, which, in some Churches 
in Indis, owing to a large low cast window, is unbearable. 

The witidows in the aisles are somewhat similar to the windows in the 
Bishop’s Palace, Wells. They are provided with comfortable seats. The 
lights are closed with wooden venetians which can be adjusted as required, 
or opened altogether if desired. The quatre foil head opening is closed 
with plain glass at present. It is hoped that these quatre foils and the 
windows in the apse may be filled in eventually with stained glass. The 
openings below the seats are at present closed with slate slabs and inside 
with iron bars. If it is desired to have a current of air, these slabs can 
be removed, or tatties can be placed in these openings if necessary ; being 
near the ground they could be easily kept wet. 

The windows outside are protected from the sun and weather by pro- 

jecting slabs supported on stone brackets, which throw a deep shade over 
the windows. From the outer edge of the sunshade wire netting is 
attached to the ground to enable evergreen creepers to climb and by 
hanging over, in festoons, add to the gencral appearance and afford a 
grateful shade. 

In the west end wall above the font is a handsome stained glass rose 
window 6 feet in diameter, somewhat after a circular window in Peter- 
borough Cathedral. The mullions are of white marble. The window was 
prepared by Ballantine and Son of Edinburgh from designs furnished here. 

“The Reading Desk is from a design of Dr. DeFabeck, and was made in 
_ tha Jeypore School of Industrial Art. 3 
, The shafts of the pillars supporting the nave arches are circular of 
| polished red marble and contrast well with the caps and bases, which are 
of dressed stone of a light gray colour unpolished. 
-'- AU the interior archwork in the Church (from want of Fands) is of 
’ ‘elabstone with plaster mouldings. 

‘The chanoel arches spriig from handsome marble corbels. | , 

a The roof jaa peculiar feature. Good wood is not to be had here except 
= eon ve, RG : 213 
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ata great cost, while good slabs are to be had in abundance and up to 
lengths of 20 feet or so. The slabs are a mica schist and vary from 12 
to 15 inches in width and from 9 to 12 inches in depth. When plastered 
they form an imperishable roof, and underneath look clean and neat. | 

This Church has been roofed with these slabs. The height of the 

aisles is 17 fect, and of the nave 29 feet. 
'.The nave roof is supported by drop arches which spring from cut 
stone corbels in the spandrels above the nave pillars, and the slabs rest 
longitudinally with the building, from arch to arch. The roof“ has a rise 
of one foot in the centre to throw off the rain. There are hooks in the 
roof, from which ornamental pankahs are hung by fine wire: the pankahs 
are all attached to a light frame, and one man from the west ond wall can 
pull them all together in unison. This obviates what is so often seen in 
Indian Churches-—-pankahs moving to and fro at irregular intervals. 

The height of the nave admits of a row of clerestory windows on each side 
in the main wall above tho verandah roof—ontside, these are protected by 
projecting sunshades of red sandstone, and the quatre foil openings are 
closed by perforated zine wire, to alluw of ventilation but keep out the birds. 

There has been no attempt at interior decoration from want of Funds. 

The genoral appearance outside can be seen from the drawings—-want 
of money has prevented expenditure on carving or ornament. 

At the cast corner of the south aisle is the Tower or Belfry. The 
lower portion at the level of the parapet of the aisle, ig ornamental with 
lozenge work in white and black marble, with a triangular pattern in rad 
sandstone. In the belfry there are louvred trefoiled openings to allow 
of the free circulation of sonnd—above the belfry is an open paced and 
staall spire of cut stone surmounted by an iron finial. | 

The canopy of the windows in the apse has below it a dog-tooth orna- 
ment in pure white marble in a hollow moulding—the supporting ae , 
are algo in white marble. 

To finish off the copings of the walls instead of a corbel table snd | 
parapet, a light projecting chhajjad or sunshade in red sandstone has 
been adopted, supported by red stone brackets, as being more in keeping 

with this climate where deep shadows are required, and to throw the, rain . 
off the walls, which it does most effectually. 7 

‘The Mabarajab of Jeypore gave the ground and Rs, 8 600 towards : 
the erection ‘of this Church. koe 


The specification is omitted to save space. 
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The Abstract of the actual 


cost is attached :— 
ABSTRACT. 
c. ft. Rs. 

2,682 Concrete foundation, at Rs. 9-6-5 por 100, wea 88 
15,367 Rubble masonry, at Rs. 16-8-9 per 100, ae wy 2,543 

2,490 Cut stone Annagarh gray stone, at Rs, 1-12-5 per foot, ww. 4,428 

s. ft, 
199 Doors and windows of shisham, at Rs. 3-8 per foot, ... ae «697 
c. ft. 
460 Cut stone work, red sandstone, at Rs. 3-4-1 per foot,.., . 1,499 
190 Coloured marble work, at Rs. 5-4-8 per foot, .., w. 1,005 

2,075 Slabstone archwork with centringa, at Rs. 64-8 por 100, a. 586 

r. ft. 

915 Slab cornico and moulding in plaster, at Rs. 0-8-G per foot, ... 485 
No. 
4 Red sandstone quatre foil tracery, at Rs. 12-6-5 cach, 50 

r. ft. 

18 Tooth ornament over apse windows in white marble, at 
Res, 11-6-6 per foot, ace aa eos eee poe 17} 

B. ft. 

2,971 Terraced roofing, at Rs. 48-7-6 per 100, Sue 1,295 
3,230 Terraced floor, at Rs. Y per 100, . ae 301 
13,273 Plaster, including Icttering, &., at Rs, 2-13- 9 pe 100, 380 
13,075 White and colour washing inside, at As. 0-7-10 per 100, nee 54 

No, 
1 Rose window, marble mullions, with 28 square feet stained glass, 
at Rs, 698, ee ie se sie 698 
bo ft. 
446 Marble slab with inscription, at Rs, 3-12-4 per foot, ... ow. «= 5B 

No. 

1 Polished marble font, at Rs. 122, - sae i cases 

r, ft. 

11 Chancel rail, complete, at Ks. 17-5-4 per foot, ... ae «. =:91 
No. 

i fron finial, at Rs. 49, ane eee tee* wee ate 49 
& Ornamental iron scrapers, at Rs, 12-9- 10 ‘sash, a a eee 
Mats, chicks and curtains, een one aee aoe e+e 183 
Furniture (incomplete), ... se wee vee oe » 176 
Miscellaneous petty items, one ene ous ane eas 726 
Total Rupees, nee wee 15,884 

Ss. 8. J, 
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DISCHARGE FROM A TANK WITT! CONSTANT SUPPLY. 


eine ee tre es ih Ne 


Ry Capt. ALLAN Cunsincuam, REL, Thay. Fell. of King’s Coll., Lond. 


[Preface,—This Problem has been proposed to the Author fur solution from two 
differeut quartors at various time=], 


Pronrem.—A Tank receives a uniform supply, and discharges over a 
waste-weir with vertical checks. Tt is propused tu investigate— 

i. At what height the water would be in a state of permanence 
over the weir. 
ii. In what time it would attain a given heieht. 

Yn the firat place it is clear that until the water reached the level of 
the crest of the weir, there could be no Discharge from the Tauk; and 
next that after it degan to overflow, the Discharge would be at first 
very sinall, so that thé head of water over the weir would constantly rise ; 
the Discharge however would increase rapidly with the increasing head, 
Whereas the Supply remains vonstaut, so that finally the Discharge would 
just become equal to the Supply, and the water would then continue at 
constant level so long as the Supply was kept constant. 

The questions proposed are :— 

1. To find the height of this constant level. 
li. To find the time in which the water would attain any height less 
than the above. 

From what precedes it is evident that the level of the crest of the weir 
18 the most convenient plane for the zero of heights, and the tine of at- 
taining this level the most convenient “ epocik” from which to measure 
the times. | 
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2 DISCHARGE FROM A TANK WITH CONSTANT SUPPLY. 


Let ¢ = time elapsed tx seconds from instant of first overflow. 
z=: height of water-surface in tank above crest of weir mm seed at 
time ¢. 
A = horizontal sectional area of tank rn s7. ft. at height z. 
A 


> == horizontal sectional area of tank in ay. ft. at crest-level, 
i=: length of weir te feet. 
g== supply of tank inc. ft. per sec. (supposed constant). 
Q =: discharge over weir tn c. fi. per sce. under (variable) head «. 
¢ a coefft. of contraction over weir. 
g = measure of acceleration of gravity = 32 nearly. 
In general, it is clear that (), A are beth functions of z, and therefore 
also of ¢. 
By the ordinary formula for Pischarge over Weirs, neglecting ‘ velo- 
city of approach”, 
Gh bs D oases PEO IS a taco ved sree ead stessbeess VY. 


os {2 = rate of elevation of water of tank 7a feet per sec.,.... (2). 
Z 


Now, when this quantity is zero, it is clear that there will be “ constant 
% 
level”, viz., when g — Q = 0, or Se?z® = q, 1. ¢., when 
Pee a me 7\8 % 
fal at (2) Cina 4 (5) Pigepaumeriew at ceeumyGbiaasteaven )s 


The preceding Problem (1) is staple enough: the remainmiuy one (ii) is 
much more difficult. In fact the time in which the water attains a given 
height (less than the above of course) depends in an important mauner 
on the figure of the tank. The actual steps of the solution which follows 
cannot be followed without a familar kuowledye of infinitesimals, but 
the principle is simple enough. 

By the priuciples of infinitesimals if is clear that the “rate of eleva- 


‘ 2 : ee dz 
tim” of equation (2) is in fact -—> so that 


dz: g~—Q A 
eee ane aes WwW a at pocrcae, (bamnctaanich az See ew marangrhbnnan 4 , 
F aoe hence Fr ed, wvee( 4) 
Hence, since t= 0, whan z = 0, 
: * A.dz 
ee Egress at poco ioe Tere eee ee ee ee ee ee ss eT eo es 5 Py 
, 6 ; (5) 


And since A is supposed to be a known function of z, and since Q is 
aa a function of z hy (1), this completes the general solution of the Prob- 
lem. ‘To make the solution take a definite form, it is only necessary to 


cop os 
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assign the functional form of A (7. ¢., the figure of the Tank). The only 
cases of interest appear to be— 
Casz i. Tank with vertical walls. 
Case ti. Tank with uniform side-slopes. 
Case i. Tank actth vertical walls. fo A is of course constant. 


. ee i= — Af” ze weunces veveevcereersase( O). 
°g@—Belz 


The integration is most conveniently effected by rationalization by 
writing 2 == 2, which gives— 
— 2A ff Peed 
a 








g—8 ext 
the integral of which is given in [irsch's Integral Tables, (Table XX XIX.) 
ase (7 + #) at aay Se 
2S, came Cave Ada loge Bae — af/3.tan rem ? 
; —_ (fz + &) ky" rs wom? af 3e 
oY, t= 5, ee ys 4 4 loge ce — a/3.tan oe re ee 


een 


“ 


} 
svhere P anen beastn! 4 i ee 
i 


which gives explicity the time ¢, in which the water level will attain the 
height 2. 
Case ii. Oniform side-slopes. It is not difficult to see (by drawing 
a figure) that in this case the area A at height ¢ is always expressible in 
form 
A aa A Aad oe. Bb? avn iancwecease teueraeccesens (9). 
Thus taking an actual example, suppose the Tank rectangular in plan, 
and let 
a,, &, be the sides of cross-section A, at crest level. 
a, & be the sides of cross-section A at height z 
t be the inclination of side slopes. 
Then it is easy to see (by drawing a figure) that 
a=a, + 22 cosec 7, B= bh, + 22 cosec z 
A = ab = a,b, + 2 (a, + 5,) ¢ cosec f 4 427 cosec’ z,....+0+.6--(10). 
Which is obviously of form proposed (9). 
Thus in general in the case of uniform side-slopes Eg. (5) becomes 
t= f” Be OBE ee seuss tascam Ds: 
gq -—- Belz 
The integration is again to be effected by a prior rationalization by 


Writing == <?, which gives 
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t=2 f= Bie A Aa dx 

0 gn ‘Bel x 

the integral of which may he taken from Hirech’s Integral Tables, Table 
XAAIX., and will be found to give after algebraic reduction, and paying 
attention to the limits, and substituting v == ./z, as final result, 


} A ; (>t ky al sz 
tor ~—, f(— + alk ) log, me po Aen Ss tae ter So. ake 
sia (F ) oe ee ke — Sz k ) Ly a fe 


—ghe loge (L+< 2 (ANE $ B22) yeesssere( 13), 


tt 


where iS — ers 5 as before, Re rr errr ere ry, an ee 


which gives the time ¢ in which the wator Jevel will attain the height z. 

The most important time (1) to determine would appear to be that of 
attaining the © permanent level” given by Ey. (3). Now that foyuation 
gives nfzf hb Yg pei — 4, and this renders both Results (7), (13) 
tryfinite, that is to say— 

“ Absolute permancot water-level will be attained only man infinite time.”....(15), 
in both Cases i, u. Dat further, on examining Eq. (5), this Result 
(15) is seen to be general/y trae, because the upper limit of the integral 
(which corresponds to the state of ‘ permatent level’ )is defined by the 
condition ¢— Q == 0. so that the element function A (q — () under 
the integral sign is in general infinite at the upper limit. This generally 
invelyes that the integral iteelf, de, the value of ¢ is also infinite, so that 
Result (15) is generally true, except when the area (Aj changes in such a 
manner as to render the Result finite, an (exceptional case). 

The explanation of this Result (15) is that the Discharge (Q) in- 
creases at first rapidly, but more slowly as it approaches equality with the 
Supply (q), and ultimately when nearly equal to y increases very slowly 
mdeed, so that it con never become actually equal to the Supply in any 
finite time. 

It may be remarkel that this Result of a state of permanent motion 
being attained only after the lapse of an infinite time is the ordinary 
Result of all problems of retarded flan motion. 

It might also be proposed to ascertain the height (2), which the water 
level would attain in a given time t. The solution of this for the cases of 
a Tauk with vertical walls or with uniform side-slopes is implicitly con- 
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tained in Results (7) and (13), but the equations are so complex that a 
numerical solution only could be obtained, and that only by a laborious 
approximation, 

Practical Remark.—TVhe solution here given is probably the best that 
can be given in the present state of Hydraulic Science. Its practical 
utility is however considerably diminished by the uncertainty in the pre- 
sent state of science as to the value of the “ coefficient of contraction,” 
(c). tis also hardly probable moreover that the “ Supply” into a real 
Tank would be constant for any length of time, as proposed in the ccn- 
ditions of the Problem. 
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ON THE EFFECT OF USING A BRAKE SO AS TO PRO. 
DUCE “SKIDDING” OF THE WILEELS BRAKED 
OF A RAILWAY TRAIN. 


By Cart, di. Wirserkorch Cranky, REL, Ofg. Depy. Consulting 
Engineer for Guaranteed Railways, 


Tre idea is popularly entertained that the retarding effect of a brake is 
not so great when the wheels are ‘‘ shidded,” as when they are permitted 
to rotate slowly. 

This idea will be found in the * Roorkee Treatise of Civil Engineer- 
ing,” published in 1877, page 389, Vol. IL, in the fullowing form :— 

In tire-brakes greater retardation is produced if the brakes are not 
pressed hard against the wheels, during the whole time required for stop- 
ping a train. 

And, at a trial, which Llatcly attended—an Engine-driver of a Mail- 
train said :—~ 

“When the brake was put on, the wheels skidded. The retarding 
effect is not so great then as when the wheels revolve.” 

From the Report of the Commissioners (Royal Commission on Rail- 
way Accidents 1877), Supplementary in Series, page 108, we bave the 
information set forth in the following Table .— 
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No. of train, .. a* “s a we 1 2 
Midland ratlway train, ate < a Six vans, Six vans, 
Nature of brake userl, oe . -- ' Hand-brake. Hand-brake. 
Weight in tons— | 

(if train, .. ies ae on oth O45 | 3 aed 

Hesting on braked wheels, = | B45 & BAS 

Percentage of woghtof train resting on | 

braked wheels, os ase elie 10 € 100 

Number of wheels | 

To which brakes were appled. .. ws ib 24 a 24 

In train, .. a o* ois ais ! ry 24 8 at 
Time ocenpied in traversing Inst S00 feut,.. i 1} Sf 135 
Speed at signal post— | 

Miles per hour, .. 00 eee we Peg | g 40 

Feet per second, .. a «o es | h nels iA 58 72 
Train stopped in— | 

Feet, ae 0. i rr dea oT | ‘ Tt 

Seconds, + ee a “8 | kh 1o4 h \7 
Mis-tiré in foot toms per second, .. ae: Paod bs *o07 
Mean retarding forrec— | | 

Tons, is - ue a oe fom 4°22 | oom 5 MG 

Reckoned as percentage of gross luad,.. | wn 774 in 9:28 
Friction of train in toms, .. cs oe ae Crore | v Org 
Mean retarding force produced by brakesee | 

Tons, - ee a a a r 4°1) | y 4-84 

Percentage of gross load, ee oe ee 734 q 8-88 
State of rails, we as ea és | r Iory,* | r Dry.t 
Brakes how applied, > 4.) ae | Not with fall) With fall force 

f = force, 80 as to produce 
| poe 





It will be observed that, in consequence of a slight differenee in the 


speed, the vis-vitd of one train is not equal to the wia-vivd of the other. 


* One pair of wheels in two vane xkidded at fret, but were joumerdiately released. 
}# One pair of whetls in the rear van, Loarest centre were not skidded, 














Column ¢ = oo ne ogee - barrie 
yo Weight of train in tons x (speed in feet per second)? me aoe 
at eS acai aaa “Ad SEES Pe eee Ree eee 
1 ME 
€ 
rr; ae mmx abs 
a 
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To ascertain how far train No. 1 would have gone had its ws-vii 
been the same as that of No. 2, we have the following proportion :— 


Foot tons, Foot tona, Feet, Feet, 
O17 : 8RAA =: TT : x 
? ot K VSG. yee 

a — 17 easel 566 a feet. 


Hence the distance, a train, whose vis-vivd is 2,864 foot tons, will go 
jx in 

679 feet when the hand-brake is not fully applied. 

SoH} ditto ditto applicd so as to produce skidding, 


He Wes 
Ist April, 1878. 
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ON THE CONSTRUCTION OF TILE NARORA WORKS. 
JIFAD Ol THis LOWER GANGES CANAL. 


{ Pede Plates LE to NVOEY,. 


Sy Mason H. Viresnam Jonne, RE. 


Lerore centering on the proper subject of this Paper it seems desirable to 
give a slight sketeh of the history aud general design of the Canal. 

The (orginal) Ganges Canal. as most readers of this Paper are pro- 
bably aware, was designed and construeted by Bir Proby Cautley of the 
Bengal Artillery, The famine of 1558 led to the projeet for its eon- 
struction being taken up in 1809, when surveys were begun. Work was 
carried on slowly aud with many interruptions, owing to wars and other 
causes, up to 1547 when the Government of India resolved that “ the 
more vigorously the work can now be proscented, the cheaper it will be 
for the State.” The canal was formally opened in 7854. 

The Ganyes Canal has its Lead Works at Lardwar, nineteen miles 
above Roorkee, at the point where the Gianzes issues through the Sewalik 
range into the plains. From thence it has a course of S50 miles to 
Cawnpore where its surplus water is given back to the parent stream. 
It throws off several branches which irrigate more or less thoroughly the 
country through which they pass. The red colour in Plate I, shows 
approximately the extent of country irrigated in 18676, which amounted 
to about 900,000 acres vr 1400 square miles. ‘This area however is 
considerably less than that which the 7 rojector of the Canal intended to 
irrigate and which the needs of the country demand. It was therefore 
necessary fo supplement the supply.* 

The Head of the Ganges Canal is situated so close to the bills that the 


* The Ganges Canal bag 618 milexof main canal and branches, aad abort 2360 urtles of diatribu- 
tariek  Irvigation, penerally mpeaking, extends one mile on cach side of a distibutary channel, 
or rafbuha Cousequentty the canal commuarets about 6728 square miles, It ivripates uboal 20 per 
Cent. of its field ahuuuadly. 
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bed of the river there consists of large boniders. Consequently thongh | 
all the apparent supply of the river may be drawn off # large quantity of | 
water filters away unobserved, and can only be caught lower down wherg 
the bed is of a closer nature, 

The Ganges Canal is, as above stated, 350 miles in length. It is 
evident that there must be considerable administrative difficulties in work- . 
ing a canal of such length extending through a long stretch of country 
from north to south passing through districts having various wants and 
different kinds of cultivation. Moreover there are no less than twelve 
“districts ”* to be dealt with rnied over by twelve Collectors with their 
different ideas. With them as well as with the three Commissioners of 
Meerut, Agra, and Allahabad the Engineers in charge of the canal have to 
transact business. Then thera is great loss by evaporation and percola- 
tion before water taken in at Hardwar can be used in irrigating at 
Etawah or Cawnpore, so that if water can be obtained by a shorter road, 
it is evidently desirable to relieve the works in the upper parts of the 
canal from the strain of carrying what is required for the irrigation of 
the lower districts. 

The Lower Ganges Canal is intended to relieve the old Gira Canal 
of the duty of irrigating the country in the lower part of ita present 
field, to set free a large volume of water for use in the more complete. 
irrigation of the upper part of that field and, by bringing in a supply of 
water drawn from the Ganges at a long distance below Hardwar, f to irti- 
gate the country which it takes over from the old canal more economi- 
cally than at present. Also to extend the irrigation of the Ganges- 
Jamna Doab as far down as the Allahabad District. Plate II. shows the 
Doabt as re-distributed for irrigation between the old and new canals, 
It ig on the same scale as and may be compared with Plate I. 

Since a dam situated many miles below Hardwar will give the ‘head 
required for commanding the lower Doab and will intercept water which 
escapes the Hardwar dam, as well as a considerable volume received by 


* An Indian Civil District is as large as many English counties | anaged by a obyil officer 
styled Magiwtrate and Collector. Three or four such districts form a Division which is saperin- 
bended by a Commisiona 


¢ Tariwar to Narora, by the river, about 150 miles, 
$ Donb. This is « usefeal Persian word which hes no English aquivalant, Dorlration, Bo, ve j 44, 
water. It means the whole tractof country between two rivers, The Ganges-Jaorma dosh 16 kpomt 
pa The Dowd.” In the Panjab the doabs are named by combining the coneouetita of Mire 
the two rivers. Thna tha Rachna doab is tbat between Ravi and Chennb: the Inch dont) badyweo 
Chenab and shélam, x 
22% i ‘ : 


A, 
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end iver int ite downward course, it is possible to attain the object in 
view without very largely reducing the allowance of water to be taken in 
at Hardwar. The Ganges Canal usually takes in from 5800 to 6000 
oabic feet per second in the cold season. This amount is to be reduced 
by 750 to 1000 cubic feet. Under this arrangement it is expected that 
from 8000 te 3500 cubic feet per second will be obtainable at the new canal 
bead in the cold season. For purposes of navigation the old canal must 
keep gp a supply of 750 to 1000 cubic feet in the Cawnpore branch, 
This will pass on to the new canal and bring up the cold weather supply 
to from 8750 to 4500 cubic feet per second.* 

The Lower Ganges Canal 1s intended, Jike the older canal, to provide 
for navigation es well as for irrigation, but of course the former will be 
subordinate to the latter. As the velocities of the new canal will be 
much lower than those of the old one, even as now moderated, the con- 
ditions are go far more favourable. The interests of irrigation and navi- 
gation are so essentially divergentt that no very great amount of traffic 
can be hoped for. The Lower Ganges Canal in combination with the 
old vanal will give water communication between Hardwar and Allahabad 
and thence to Calcutta by the river 

The Committee of which Colonel K. Lawford R.E, (Madras) wae 
president, which reported on the Ganges Canal in 1866, notices Rajghat 
as a possible sight for the Head-Works of a canal for supplementing the 
irrigation of the Ganges Canal and for supplying additional water for 
the lower part of the Doab. That Committee formed a rough design 
aod estimate for the Weir and an estimation of the cost of the canal 
amounting altogether to nineteen millions of rupees. They concluded 
that “the project may be worthy of more careful examination at some 
fature period,” 

‘The project was first taken up in earnest in the year 1869. The site 
for Bie Bead Works was then, after careful survey, fixed at Narora. This 
Playa is four miles below the Ganges Bridge of the Ondh and Robil- 
Shand Retiway at Rajghat and the same distance above Ramghat, where 


yg he flechaygus registered at Narora has been 1630 cubic fest in May 1878, and 1669 ouhic 

‘eae ena TRO. ‘The discharge is usually not below 2200 cubir feat while the Ganges Canal 
Poke, ‘tot ‘eeiatia, few vinyls item of alkgument To be enocesftul « navigable canyl should 
me, yahoo sia alee the capital, Whereas the Aret conditian of an irrlgetion 
el 1h Dink Sh gaius keen om the main walersbed of thrcountty The Ganges Canal dows not tondh 
pa Rid Naat eens, webGees Hurdwar and Cawnpore 
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the old road from Aligarh to Bareilly crosses the Ganges. Ht is ia the 
Balandshahar District and 80 miles from Aligarh by road. (The Baj- 
ghbat station of the Oudh and Rohilkhand Railway is also $0 miles from 
Aligarh.) 

The year 1870 was spent in perfecting the surveys and in making de- 
signs, and 1871 in lining out, search for material, &c. &c. Tho Narora 
Division was formed early in 1879. In October of that year brick~’ 
making was begun, some houses were built and tho Workshop build- 
ings, which it was important to have ready and fitted up as early ag 
possible, were begun. As it turned out these were not begun goon enough, 
nor did the machinery, which had to be obtamed by a cumbrous system of 
indenting on England, arrive early enough, and the result was that the 
Workshops could not be organized before the first working season (that 
of 1878-74). This caused considerable delays to the work. 

. be Workshops werc formed into a separate Division ; an arrangement 
which it is not desirable to imitate elsewhere, as it leads to a great deal 
of additional correspondence and accounting and to a division of respor- 
sibility. 

At the beginning of 1873 about 90,000 bricks had been made, houses 
to shelter a small establishment wore ready and the Workshop buildings 
were fairly advanced. No machinery had yet arrived from Emgland. A 
amall quantity of timber and some bleck kankar had been collected, It 

-was at this stage that the present writer took charge of the worke in 
March 1873. Before proceeding to the arrangements made for the exe- 
eution of the works it will be well to describe generally ; 

1..-The nature of the site. 
I1.—The character and dimensions of the Works to be constructed, 
I1].—The materials available, and the style in which the works — 
to be carried out. 

I. The nature of the site, 

Plate WIL, Fig. 1, shows generally the state of the site at thie. tine 
the work was first laid ont. The creat line of the weir wae taid at 
right angles to a line joining the right abutment of the Rajghet Radl- 
way Bridge, with the right dank of the works. This was fixed af « 
point withdrawn about 30 feet from the actual bank of the siver aicar 
the little hamlet of Jairampor* and sbout 4,000 feat below the Village of 


* Jetrampur has sinoe bean removed 10 % new ails, 04 ei 
a aes A & 
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Nebora. The high bank which in all places bounds the Ganges Khadir 
on the right, and which (see Picte III.) runs tolerably straight from 
Rajghat to this point, here bends to the westward while the river continues 
in # nearly southerly course to Ramghat, leaving a strip of low land to ite 


By placing the weir in the position chosen it became possible to carry 
the canal along this strip of low ground (or khadir Jand) as far ag Ram- 
ghat, thus avoiding four miles of heavy excavation. The average eleva- 
tion of the high ground near the river above low water level is about 36 feet. 
The canal channel, as will be scen on Plate JII., Figs. 8 to 6, is carried 
along just below the edge of the high ground. it may scem that this is 
dangerons position but, owing to thecurions fact that the sloneof the country 
is weatward away from the nver, very little drainage passes into the khadir 
on this part of the line. It is only where the vertical face 1s broken by 
ravines which have cut back that any drainage surfaco water flows into the 
khedir. Advantage was taken of this peculianty in forming the station 
river face alopes at Narora. The ravines were filled up with spoil, the slope 
turfed, and an edging one foot high run along the crest of the slope to 
prevent cutting. The drainage of the station then all flowed westward 
away from the edge of the high ground. 

In April 1873 when the works were laid out the actual river bed oc-~ 
eupied little more than half of the whole width allowed for the Weir and 
Bluices viz. about 2400 feet out of 4135 feet. This left 1780 feet the 
_ whole of which was khadir land above the level of any but the highest 
floods. The odd 80 feet only lay on the right (or west) bank and the 
rest on the left. 

Tha bed of the river, as described by Qol. Lawford, consists of remark- 
ably fine mioaceons sand totally unlike that of the Madras rivers. It 
einks when wet under the slightest pressure. The high bank on the 
right is formed of coarser red sand with a slight mixture of clay and 
is supported by some beds of clay. The headland of Ramphat is very 
abyong and bes some bede of kankar in it, but this is by no means the 
- Obes @verywhere. A great-deal of the village of Narora has been washed 
: aera in comparatively recent floods. 
| ime es inal fa Jew and consists of merely the same sand se the bed 

nyeteed alluvial soil in it and has no power to resist the 
yeu. directed forcibly on it. The actual boundary of 
231 
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the Ganges valley or khadir is distant on this side from 12 to 14 miles, 
(see Plate IV.) Thesection is very peculiar and demands certain precan- 
tions which will be referred to later. 

The light silt of the river is of course liable to be very deeply scoured 
out in floods, but it was believed that a bed of clay which had been 
found to exist at a pretty uniform depth of about 30 feet below L. W.M. 
et the Rajghat bridge from bank to bank would be met with here alsa. 
This was subsequently found to be tho case 

Ti.—TLhe character and dimensions of the works to be constructed. 

Pilate V. is a gencral plan of the works, which consist of— 

(a.) A weir 3800 feet in clear length between the abuiments. This 
1 known as “ The Weir Proper”. Jt is supported ou its left Hauk by a 
work known as the Left Wing Wall whioh extends 242 feet up-~ and 
down-stream. On its right flank it rests on the Weir Sluices, 

(do). <A set of sluices on the right bank adjoining the Weir. These 
slnices are 42 in number, each opening being 7 fect 3 inches in clear 
width with piers of 2 feet 9 inches. This work is known as The Weir 
Slaices ” and is 444 feet in length including its abutments. It stands in 
prolongation of the Weir Proper. 

Cc.) Furming by its face line an angle of 105° with the crest hne of 
the Weir lics, on the right bank, “ The Canal Head”. This work stands 
ou @ floor 50 feet wide and is connected with the Weir Sluices by a re- 
vetment wall 30 feet long. It contams 80 sluices of 7 feet clear open- 
ing for admitting and regulating the cunal supply. The total width of 
this work between abutments is 282 feet 6 inches. The canal revetments 
springing from it are slightly couvergent and at 250 feet from the face 
line, the regular channel of the canal begins on a curve of 3100 in- 
vreaging to 4300 feet radius with a bottom width of 211 feet and side 
slopes of 4 to 1. 

At a distance of 751 feet up-stream of the crest line of Weir is the 
entrance tothe Lock. Its axis makes an angle of 30° with a normal to the 
crest. Jine and is set back 110 feet from the normal at point O (see Plate 
V.) Ut ig connected with the Canal Head by a curved wall 4014 feet 
in length, called the River Wall. 

The Lock is 20 feet wide at bottom, and has a clear length of 186 
feet between the gates. The right wall of the heag bay is continued 78 
fest. up-stream in continnation of the River Wall ‘allignment and .ende 
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‘with a return of 432 feet into the bank. On this return wall rests a pud- 
died clay bank with akankar facing which is carried 1000 feet up-stream to 
the Narora Inspection House. This supports a turfed slope and protects 
a road which descends at a gradient of one in forty from the Inspection 
House to the Lock. This completes the works on the right hank of 
the river, the natural high bank being of course the best possible point 


On the lef bank however the case is different. Reference has been 
already made to the pecoliar cross section of the Ganges Valley at Na- 
rora, which is very clearly shown by the section on Plate IV. 

Iu raising by means of a weir the natural flood level ‘of a river there 
is always the danger of an overflow to be guarded against, where the 
banks are low, Should a high flood get round either flank it of course 
returns with great force to the stream and when, as is the case with the 
rivers of the Doab, the soil is only fine sand, vreat precantions are ne. 
cessary to prevent the formation round the flank of the Weir of a deep 
channel which it would be difficult and costly to close.* The left flank 
of the Narora Weir would therefore *n any case require very careful pro- 
tection. But the section points to another danger, inasmuch as the 
Ganges at the present time does not run in the lowest part of its own 
valley but in a comparatively high level bed on the western edge of it. 
There is therefore the necessity of guarding with special care against 
any tendency to spill to the East, 

Accordingly an embankment 15 feet wide at the top and designed 3 
feet above the highest possible flood has been carried from a point 1000 
feet East of the Left Wing up to the embankment of the Oudh and Rohil- 
khand Railway opposite Rajghat (a distance of four miles) and this longi- 
tudinal embankment has been strongly protected by three groynes at 
right angles to it projected into the river. The longest of these groynes 
is 4600 feet in length and the shortest 2400 feet (see Plate LLI., Fig. 6.) 
As the construction and action on the river of these works bas been 
described in a recent paper (No. CCR XXIV.) no farther mention of 
them will be made in the present. 

The following are some of the principal levels reduced to the Great 
Trigonometrical Survey datum of Mean Sea :— 


* A onse of thin kind o@@orred at Okhis im 187! and is descriped in No. CRAVE of these 
» Vol. (21,, Sead Series, 


by THE CONSTRUCTION OF THE NARORA WORKS WEAD, ETU. 


# 


K. OL. 
L. W. M. of Ganges in its normal state, Cor “ Summer Level’), 575-00 
H. W. M. Bed of, 7 Pe . -. 69°00 
{or Highest Flood), be -- 888-00 
Hl. W. M. above Weir when complete (caleulated),.. se = 8900 
Level of Weir Floor (surface), .. we oe -. 57200 
» Crest of Weir, re ifs ie o» «58175 
» Canal, (sill of Head Sluices,)  .. oe -» 875-00) 
» Floor Weir Slnices,  .. os -s 87200 


up-stream Platform of Weir Sluices and se top of all 
revetments of the Crest Line of Weir, .. -» 6893-00 


9? 


Plates VI. to X. show the worke iu detail. . 

The Left Wing wall (Plates VJ. and VII.) is an ordinary revetment 
on well foundations. 

The Weir Proper (see Plate VIII.) consists of a wall & feet thick at base 
and 9 feet 9 inches high standing on a line of blocks. The water falling 
over this wall will descend upon a floor 40 feet wide and 5 feet thick. The 
down-stream edge of the floor is supported by a line of eight-feet wells 
sunk to 20 feet below L, W. M. and having the intervals very carefully 
piled. An apron up- and talus down-stream, formed of heavy material, 
complete the section. 

The Weir Sluices (Piates VIT. and EX.) form a double-storied building 
standing on an ashlar floor 427 fect long and 155 feet wide. The floor 
is 1 foot thick with 4 feet of brickwork and concrete under it. The entire 
area of the foundation is enclosed by wells. The part of the foundations 
under the superstructure is entirely composed of blocks in four lines, and 
other lines of blocks break up the rest of the area into compartments of # 
size manageable for pumping and conereting. The Canal Head ¢Plates 
VIL. and X.) stands on a floor 282 fect 6 inches long by 50 wide. The 
foundation area is broken up like that of the last-mentioned work but as 
the superstructure is lighter there are no blocks under it. The whole 
foundation is composed of concrete rammed into the compartments formed © 
by the blocks. The construction of the River Wall and Lock is similar, 
the former standing on 12 feet wells and the latter on block foundations. 

A part of the wells are sunk down into the clay bed. These are the wells 
under the Left Wing, those under both abutments of the Weir Slnices and 
the line of wells supporting the lower edge of the ashlar floor of the 
Siuices. In addtion to these the wella in the Weir Pyper for a length of 
500 feet measured from the Weir Sluices (see Plate V1.) are sank inte 
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the clay, instead of to 20 feet below summer level only. The object of 
this is to secure the Weir against the scour of water issuing from the 
Sluices and possibly rushing towards the left to find its way into sume 
deep channel of the river below the Weir. 

The blocks on the up-stream side of the Weir Sluices are sunk to 18 
feet below L. W. M. (or R. L. 557). Those in front of the Canal Head 
and under the River Wall to 15 feet (R. L. 560). Blocks witbin the 
worke to less depths, generally to R. L. 565 or 10 feet below L. W. M. 
As the river is liable to considerable fluctnations even in the cold weather 
the ahove figures do not ly any means represent the whole of the work 
to be done. Many kerbs were laid much above the nominal Low Water 
level. 

The numbers of wells and blocks in the works are as follows :— 


Left Wing, .. hs “ zd .- 27 wells, * 
Weir, ae 6 se i .. 422 wells and 234 blocks. 
Weir Sluicer, a Ses ae oe. RE 4s ue See Og 
Canal Head, ts ic - - oo se Gh GB. 4 
River Wall, wt ne rv sae AT we 

Lock, a Mi * ay ved re. :; er 


temenmnemes ae REISE 


Totals, .. S87 . ,, 593 
The total sinking to be done was 14,220 feet in wells and 12, 947 feet. 


in blocks. Of this the most difficult part was the sinking of those wells 
which went to clay. There were 169 of these. 

Appendix A gives the quantities of the works. 

The principal items are— 


Brickwork, * ae re “is .. 2,056,000 cubic feet. 
Concrete, .. oe 5 oe Be .. 4,287,000 . 
Ashlar, -. «ewe eee BOZO :, 
Block kankar, aie ;: 2,508,000 - 


besides about 1,000,000 vate Get for betipoees y protective works. 

This amount of brickwork would require about 30 millions of bricks 
and 800,000 cubic feet of lime. In addition there were other works in 
the vicinity to be provided for. The concrete would require about 
1,100,000 cubie feet of ballast and 550,000 enbic feet of lime. There 
were therefore altogether about 1,350,000 cubic feet of lime to be pro- 
vided for the Weir warke. 

‘The design of the Weir Proper was naturally the subject of the most 
anxious and careful consideration. The other works do not present any 
Bk Bpeoial or anusual conditions, but the Weir was the first of its kind 
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that had been projected on any of the rivers of the Ganges class, The 
constraction of the Okbla Weir, on the Jamna just below Dethi, could not 
be copied because the conditions are essentially different. At Okhla the 
right flank of the works rests on rock, and stone could be quarried to any 
extent required within a milo of the works, and at a very cheap rate. 
When placed in ee in the work the cost per hundred cubic feet did 
not amount to Rs. 

At Narora no os facilities existed, No material whatever was to 
be found near the works and block kankar, the only substitute for stone 
which was obtainable, had to be brought frorm ao distance and could not 
be placed in the work at less than Rs. 15 per hundred. Thna, besides 
that it is an inferior material, the eost of the block kankar and the diffi- 
culty of collecting apd storing it in sufficient quantity caused any idca 
of imitating the construction of the Okhla weir to be rejected. 

Were it possible to obtain wrought-iron in India at a moderate cost 
there is no doubt that Wrought-Tron cylinders or caissons would have 
been proposed, on account of the ease and regularity with which they are 
sunk and their other advantages. But the cost of wrougbt-tron was 
prohibitory and hence the designers had to fall back on the time honour- 
ed Indian method of sinking brick wells. 

The Madras Weirs do not serve as patterns for constraction in North- 
ern India becanse the nature of the bed and general conditions are quite 
different. The same remark applies to the Weir for the Sone canals at 
Debri which was constructed just before that at Narora. The sand of 
the river bed at Debri ix coarse gravel compared with that found in the 
Ganges bed at Narora. | 

The level of the Weir crest was fixed by the requirements of the canal 
supply (at R. L. 582),* leaving the length of the Weir, as well as its 
design in section a matter for discussion. Working from a maximum 
discharge of 210,000 cubic feet per second, the Weir was designed by 
Major Jeffreys with a length of 4,000 feet in the clear between the Left 
Wing wall and the Left Abutment wall of the Weir Sluices. 

The water is to be raised 7 fect in cold weather above its former level 
and it waa calculated that the obstruction caused by the Weir would lead 
to an affiux of two feet in highest floods, increasing the 11. W. level from 
HRA to 590, and giving a velocity over the Weir of somewhat over 10 foet. 
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_ A proposal to reduce the length of the Weir to 3,000 feet was made, 
but was ultimately withdrawn, by the Government of India. In the 
1of the discussion Lient.-Col. Brownlow showed, from observations 
on the Jamna at the Okhla Weir during the floods of 1871, that 
in the neighbouring basin of the Gauges, a similar rainfall might give 
230,000 cubic feet per second of discharge at Narora. Though the 
floods of 1871 were heavy there is no reason to believe that they were 
the highest that have occurred, and therefore it is not unreasonable to 
expect that 300,000 cubie feet per second, which was the maximum dis- 
charge as estimated by General Lawford’s Committee, may at some time 
have to be passed. 
The formula used for caleulating the discharge over the Weir was that 
for submerged weirs viz. : 


Q = Sth Ad 4 085 Ww + oh, wh O02 


where 7 == Jongth of weir, uw = velocity of approach (takeu at 6 feet per 
second), and A, and #,. as shown in the diagram, 


emer me ine = Se are nematic 5 - - sree relied entice a ad 
Curie wfoo7 a 
en : ; 
a5 ae eats * PeeEe ere 
Neti”  — suriptee. 


wee es ee 


f ' 
ay 
panacea § a i 
a 
y ' ’ 
Ur ‘ " 
Beye ORE es a 
jtat on 
’, sis SP i oS Shas le Si pt Se a 


With regard to the section of the weir, the fonu, with a vertical drop 
and an ashlar floor to withstand the action of the falline water, was dic- 
tated by the cirenmstances of the case, which reanirel economy of 
material, The foundations wer: however a imatter open for discussion. 

A systems of iron screw piles with wrosves in them placed at short 
intervals in a double row to receive a sheeting of wroncht-iron was 
proposed by Lient.-Col. Brownlow in December 1869. Major Jeffreys 
in the desions worked out in 1870, abandoned this in favour of sqnare blocks 
sunk at intervals to snpport leugths of double sheet piling. Between the 
sheeting the sand was to have been cleared out and the space filled with 
solid concrete. 

_ Both plans are open to the objection that a great amount of pumping 
power would be required to lay the interior dry, and keep it so while 
concreting was done. The second plan would have probably heen fonnd 
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unpracticable, on account of the irregular sinking of the blocks. Jt is 
impossible to sink brickwork wells, and still more blocks, so as to ensure 
their being perfectly plamb, and therefore openings would constantly 
occur where the piling adjoined the brickwork. And these openings it 
would be difficult or even impossible to close. 

In the design made in 1872 wells were substituted for blocks in the 
deeper line of foundations, and it was decided to close the intervals 
between the wells by means of solid piles. 

The depth to which the wells should be sunk was much discussed. 
The first design showed them 16 feet below L. W. M., or at R, L. 559. 
That of 1872 carried them to 20 feet, or R. L. 555. Lieut.-Col. Brown- 
low however advocated carrying them tu the clay, which hes at about 
544, or 30 feet below L. W. M. in order to afford thorough protection 
against the scour of floods. A proposal was made on the review of the 
plans in the Government of [India Secretariat to reduce Major Jeffrey’s 
20 feet to 10 only, on the ground that a deep substructure is not required 
to prevent leakage under the work. It was urged that the river bed 
would silt up to the level of the weir crest, and that the deposit of clayey 
layers of silt would puddle the work. To this it was replied that such 
deposits of silt occur in falling floods, and that they are swept ont again 
by the full current of each high flood. This view, it may be remarked, 
has been since strongly confirmed by the fall of a jetty which projected 
ap-stream from the Oklla weir. The supporte of this jetty rested on the 
sand about 5 feet below the level of the weir creat and were protected 
by stone pitching. Notwithstanding this they were wasbed out in the 
floods of 1876 and the jetty ruined. 

Ultimately the proposal to diminish the depths of foundation was 
withdrawn and permission given to sink into the clay the wells extending 
over a length of 500 feet from the Weir Sluices. Those on the other 
part of the work were to gotu R. L. 555 only, or 20 feet below L. 
W.M. 

The level at which the ashlar floor should be laid was a good deal dis- 
cussed, and a proposal made to fix it at R. L. 575, or the level -.of 
L. W.M., in order to save pumping. This however wag ultimately 
withdrawn and R, L. 572 approved of. It is placed below the old cold 
water surface level on account of the retrogression of levela which may 
be expected when the Weir is finished. 7 
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VL The materials available, and the style in which the works were 
to be carried out. . 
The actual neighbourhood of the works afforded no material besides 
brick earth. Fortunately this was found, in very fair qnality and ample 
quantity, about two miles from the Weir. A contract had been made in 
1878 with an excellent firm of European Contractors who were already 
in full operation in March 1873, and there was no ground to apprehend 
any failing of the supply of bricks, although wood fuel for the flame 
kilos had to be brought from long distances. Coal was tried in 1878, 
bat with indifferent results. The vicinity of the Oudh and Rohilkhand 
Railway and the branch line to Narora (which will be noticed presently) 
rendered the supply of fuel from a distance perfectly feasible and a ques- 
tion of cost only. From beginning to end of the works the supply of 
bricks has kept pace with the demand, In addition to the brickfield at 
Narora (the position of which is shown on Plate XI.) a smaller one was 
established at Ganaur, on the left bank of the Ganges and about 4 miles 
fromthe Left Wing. This was useful in the earlier stage of the work be- 
fore the-tramroad could be carried across the river from the right bank. 

Lime.—The supply of Lime seemed at tirst to present some difficulty asit 
would have been very tedious and costly to collect so large a quantity from 
a number of scattered quarries by means of carts. Fortunately the kankar 
fields near a village called Bilon which lies close to the railway promised 
ona careful survey to yield a very large quantily and in the end all other 
sources of supply were abandoned, owing to the convenience which the 
railway offered for prompt and orderly delivery. The material was deli- 
vered, by the contractor for digging and cleaning it, in stacks along the 
line and was brought in by train loads as required. Kankar being (as is well 
known) of very various character in various places it was a great advan- 
tage to draw the supply from one place. The distance by railway is 14 
tiles from the stacking grounds on the line to those at Narora, Each 
train of 80 wagons carried 5,000 feet, and made two and sometimes 
three trips in a day. | 

Like the lime kankar, the supply of block kankar was at first a source 
of some anxiety, No other alternative material for pitching was obtain- 
able, Stone for instance cannot be thought of, the nearest source of 
supply being beyond Delhi, or beyond Agra. 

_ Numerous quarries wero examined and small supplies obtained, some 
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of them 20 miles distant by road. Finally it was ascertained that the 
quarries North-east of Aligarh lying near the Qudh and Rohilkhand 
Railway would supply all ihe needs of the work, and stacking grounds 
were established slong the line between Aligarh and Hardwaganj from 
which the supply was worked in by train loads m the same way as the 
lime kankar. The distance by rail was about 32 miles and the material 
had to be carted from 3 to 6 miles to the line. 

The large mass of ballast required for concrete was another want 
which required early attention. The usual sources of supply, such as 
refuse of brick kilns &c., were speedily exhausted when so large a 
quantity was required. Nodular kankar makes only indifferent conerete 
and the supply of that wax not abundant. Of course all the vitrified or 
misshapen bricks were broken np but the great inass of the supply con- 
sisted of small cubes of clay epecially made and burnt in clamps with 
upla, There was a good deal of trouble at first in getting this properly 
burnt but ultimately very good material was obtained. The clay was 
spread on a floor tu a thickuees of ubout an inch aud cut up with knives 
to the size required. 

For ashlar several sources of supply were available. The quarries 
near Mirzapur, on the Kast Indian Railway are well known and have 
been loug in work, 

They sepply a hard close grained sandstone of a pinkish-gray colour 
which resists well the action of water but is rather brittle. This has to be 
brought over 400 miles hy railway to reach Narora and is therefore rather 
costly, Its price wa3 Ns, 1-70 per eubie foot delivered at Narora in blocks 
of 5 fect by 24 and 22 inches thick dressed ready to set m a floor. 

The quarries in the Bhartpur State near Agra offered the well known 
red and yellowish-white varieties of sandstone at Rs. 1-4 and Re. 1-9 
per cubic foot respectively. Delhi quartzite could have been had, but. 
was rejected owing to the great difficulty of getting it properly dressed, 

The greater part of the floors were laid of Mirzapur and yellow me 
stone. A small quantity of red Agra was used. | 

A very fine stone has been used for the cuntwaters, quoing and coping 
of the works. Jt is a metamorphic sandstone from quarries in the 
Alwar State near Malakhera Station on the Rajputana State Railway. 
It is of a very handsome gray colour and is very hard, but not too difficult 
to dreas. Unfortunately the quarries have never been aysteratically 
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worked and therefore it is not possible to make sure of a very large sup- 
ply of this stone being promptly delivered. 

This stone is similar to some found near Gwalicr which has been largely 
worked and there is no doubt that when the Gwahor Railway is opened 
it will be possible to obtain most excellent stotie for hydraulic works from 
Gwalior at a moderate cost. The stone from Malakhera cost Rs. 1-8 
per cubic foot ready dressed and delivered as above. As the quarries are 
none of them in the halit of turning out very large quantities of stone 
it was necessary to begin getting in the supply very eerly. 

It was intended to execute the work with the exception of the upper 
part of the Weir Wall, and the upper storey of the Sluices in three work~- 
ing seasons, viz., 1874-74, 1874-7), YoTo-76. To accomplish this it 
was necessary to make nse of means not usually employed in India. The 
supply of materials of all sorts was to be effected by tramways, steam 
machinery of all kinds was fo be used im the shops, steam, wills for 
grinding lime on the works ana a liberal provision of steam pumps 
hoists &e. was made for the works. 

It was very fortunate that the Caual Works lay within a short distance of 
the Oudh and Roilkhand Railway. This Line was only upened a short time 
before the canal works were began, Lut for itsaid the Narora works would 
been required a much longer time to complete, the collection of materials 
on the spot must have been much more extonsive, and the works would 
have proved much more costly. As it was, the construction of a short 
branch line of four miles from the Rajwhat Station of the Ondh and Rohil- 
khand Railway to Narora not only rendered this very large collection of 
materials unnecessary but alyo rendered it possible to utilize the rolling 
stock of the company toa large extent in the actual execution of the work. 

Plate X1. shows the method of laying ont the station with the tram- 
ways, Stacking field, mortar factory &ec. de. The object kept in view 
wad to arrange everything so that all preparation of material might be 
completed at a distance from the works and that everything when 
brought down shonld be used up day by day. The first idea had been 
to use the metre gauge on the works and in the station, but this was 
abandoned in April 1878 in favour of a uniform broad gauge which al- 
lowed the Oudh and Rohilkhand Railway stock to work upon any part of 
the Canal lines. The four mile length from Rajghat to Narora station, 
though constructed by the Canal Engineers, was made over to the Com- 
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pany and worked as a Branch Line, the Company having its own officials’ 
at Narora Station. The rest of the lines were worked by the Canal En- 
gineers, the Canal Station being cluse to the Weir Sluices, (see Plate XL.) 
and connected by telegraph with Narora Station. A branch was carried 
into the Workshops. These are off the main line, their position having 
been fixed when a metre guage line was contemplated, but no practical 
inconvenience bas resulted from this and their position relatively to the 
Weir works is very convenient. These Shops being a separate charge the | 
want of some small shops under the immediate control of the Engingsers 
in charge of the Works was soon felt and such shops were constructed 
close to the Weir Sluices as shown in /’/ate XI. 

The usual railway rales were enforced on the canal lines and only two 
accidents have occurred in working for three-and-a-half years. The wagons 
used, 104 in number, were purchased from the Bombay Reclamation Works 
and areof teak, They measnre inside & feet by 7 feet by 1 foot 5 inches * 
and therefore hold 96 cubic feet. ‘Three locomotives (tank engines) were 
purchased from the Oudh and Rohilkhand Railway Company. 

The permanent way consists of 36 tb. rails purchased from the Oudh 
and Rohilkhand Railway Company. [tis called Wilson’s from the Enugi- 
neer of the company who desigued the peenliar sleepers, which consist of 
two plates of corrugated tron connected by a tie-red. On the incline inta 
the khadir and on the works wooden sleepers were used. The Wilson 
sleepers are laid on a bed of kankar consolidated by ramming. 

A considerable reserve of block kankar has been kept up at Narora 
but, as a rule, the material has been worked in from the various pointe of 
delivery on the railway direct to the works. The supply at Narora is 
kept in long narrow stacks paradlel tothe lines. This arrangement facil- 
litates the stock keeping. Fach stack contains 12,000 cubic feet and can 
be worked off in about four train-loads. The bricks are kept in the 
game way in stacks of 125,000 each ; eqnal to three train-loads. 

Ashlar yards.—Though the stone was contracted for dressed ready to 
set in the work there is always a little work to be done to make # per-— 
fect fit. The floors were all laid out and fitted up on the stacking ground 
precisely as they were to lie in the actnal work, HEavh line of stones 
was numbered and the stones had each its own number also. These 
numbers were painted on the stone and diagrams showing the position of 


* Soma were amaller 7 feet by 7 feat 2 inches by 1 foot 4 leches holding 67 cubic fret only. 
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each stone in the floors prepared. The Officer in charge of the works 
indented daily, by number, for the blocks he required. The stones 
were picked out by gangs of porters (bandhanis) and carried to the cranes 
which loaded them into wagons. This was slways done at night for 
the next day. Each stone has a lewis-hole for lifting it.* 

Mortar Factory §c.—Plate X1. shows the position of the mortar 
factories, lime kilns, and depot for ime kankar. The mortar used was 
composed of two parts of ground lime and one of red sand, mensured dry. 
The sand used is a fine red granular sand found on the site of the works. 
It was carefully washed in small wooden vats. Careful experiments on 
the available limes were made (begun by Mr. M. ISing, Personal Assistant 
to the Superintending Engineer) before the proportions were decided on, 
and they have been continued up to the present time: Samples being 
frequently taken frem the mortar mills, made into dumb-bell shaped bri- 
quettes and tested by Adie’s machine for tensile and transverse strength. 
In order to obtain the transverse strength a little addition was made to 
Adie’s machine. A stirrup was attached in the place of the upper clip 
having 4 knife edge on its lower part. The prism to be broken was held 
down by two clips to the bed of the machine. These clips were arrang- 
ed so as to give a clear bearing of 4 inches and the knife edge being 
adjusted at the centre of the prism the strain was put on im the usual 
way and the prism broken upwards. 

Plate XTI. shows the sort of kiln used, which is identical with 
those used by Mr. RR. J. Mallet at the Ravi briige of the Punjab 
Northern State Railway. Mr. Mallet however used charcoal and ob- 
tained an out-torn of 40 eubic feet per diem from each chamber only. 
At Narora the fuel used is a mixture of coal and coke, and 100 cubic 
feet per diem have been obtained regularly. Both coal and coke are 
pounded fine, and are mixed in the proportion of two parts of coke to 
ohe of coal by bulk. It is found that about 9 cubic feet of fuel are re- 
quired to 100 cubic feet of kankar measured when put ito the kiln. 
The kankar is broken to the size of a walnut and thrown in by baskets. 
‘The fuel is kept in a tub on the top of the kiln and scattered over the 
kankar with a small tin acoop. By practice the workmen soon learn to 


* The Agra and Mirzapur stones are found to require a very deep and slightly tapered lewis ; those 
| finally used are 6 inches deep and 3 inches wide at neck and dg inches at base. They are 14 bachen 
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judge the proper quantity. Qut of 1,530,000 cubic feet of kankar burnt 
at Narora to the end of March 1877 only afew thousand cubic feet of - 
refuse has been lost. Six kilns were constructed on the right bank and 
three at the left wing ; capable.of giving altogether an out-turn of about 
8600 cubie feet per diem. This was rather in excess of requirements, as 
the steam mills, when all were completed in cold weather of 1874, could 
grind only 2600 cubic feet per diem. The reason was the great increase 
of out-turn obtained with the more powerful fuel over and above what was 
first expected. The lime is slaked and ground in steam mills. 

The mills in use on the right bank are four nine-foot pans with direct 
acting engines of 8 horse-power, two seven-loot pans mounted together 
and driven by an 8 horse-power portable engine, and one eight-foot pan 
driven by a 10 horse-power portable. 

Three six-foot pans mounted together and driven by a 10 horse-power 
portable engine are used on the left bank of the river. There was no 
perceptible difference in the lime ground by the different mills, though it 
might have been expected that the heavier the roller the finer the powder. 
The most economical of the mills are the six-foot trio.* The pair of seven- 
foot comes next, and the large pans with direct action are the least econo- 
mical of all. As far as possible mortar has been made from fresh lime 
but this has not been always feasible. For concrete all the lime had to 
be ground and stored in bags. So long as it is kept dry the kankar lime 
does not deteriorate from being kept a moderate time. 

The daily out-turn of mortar with all the milis in full work is 600 
cubic feet on the left and 2000 cubic feet on the right bank ; but it would 
not have been safe to expect this always, as stoppages were not unfreqnent 
owing to the lability of this class of machinery to get out of repair. 

Lhe Narora Workshops.—The position of the Workshops (see Plate 
AL) has already been referred tu when describing the arrangement of 
the station. Their lying off the main line of tramway proved in working 
a convenient arrangement as the traffic for the shops was thereby sens 
distinct from the rest. 

Plates SIU. and XIV. show the arrangements of the shops, the tatter 
showing in detail the position of the various machines. The buildings 


* Cunsumption of fae) to 100 cubic feet of mortar turned out -~ 
With the three €- faut pans 4 maunde or 329 Ibs. 
» two Tf ” o oe AUNE, 
mugie # r i2 % a OST. 
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consist of two long shops of which the Eastern is the Smithy and Pattern- 
shops. It contains 26 fires blown by an American blower. When work 
was at its height there were also 25 temporary fires outside on the East. 
The North end of this building is the pattern room. The West shop con- 
tains at the South end the Foreman’s office, then the fitting and iron 
construction shop, next the wood machinery and in an annex at the North 
end a vertical saw-mill, The nature and number of the different machines 
will be seen on imspecting the plan. A small steam-hammer would 
have added greatly to the resources of the shop. One was put up in 
1877. 

On the West side of the West shop is a large plaster platfurim for ‘ con- 
structing” work. Further West, laid out parallel to the buildings, are four 
temporary sheds 200 feet long by 20 wide for carpenters and jviners. 
The timber and other stores were disposed iu different parts of the en- 
closure, tools and other valuable articles being stored in a store-house 
on the East side of the shops and the sawn timber in sheds along part 
of the enclosure wall. 

At the South-east angle a part ot the yard was partioned off as a store 
yard for the Weir Division. All materials for that Division were deliv- 
ered there and stored until actually required on the works. Vhe Execu- 
tive Engineer of the Workshops was also charged with the care of all 
the engines and machines employed on the works. The locomotives run- 
ning on the ‘canal tramways were kept in the yard and came in to shed 
every evening. During the day they generally took in fuel and water 
in the khadir, where a tank was put up for the purpose. 

These Workshops had to supply not only the needs of the Weir works 
but also of the Ramghat cutting, a large work belonging to the Weir 
Division in which three locomotives and a large number of wagons were 
running ; also those of the lower Divisions of the canal. All this natur- 
ally entailed a great amount of work and kept the establishment and a 
large number of workmen fally employed. All the wagons for Ramghat 
were made in the shops. Those belonging to the Narora tramways 
though purchased in Bombay have required very extensive repairs and 
even reconstruction during the 34 years they bave been m constant use. 
The iron gates for the Sluicos and Canal Head (42 of the former 7} feet 
wide by 13 feet deep, and 30 of the latter only a trifle smaller) were a 
heavy job. Driven as the engines were against time for wonths together, 
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the renewal of the working parts of locomotive and portable engines and 
ef steam pumps and mortar mills gave constant work. 

Timbering and fittings for a large number of canal bangalows was. 
another heavy job; but it would be almost impossible to enumerate the 
‘various requirements which were efficiently met by the Workshops and 
it must suffice to say that without their aid and the hearty co-opera- 
tion of those in charge of them it would have been impossible to 
carry on the works. The cost of the buildings and plant was Rs. 
1,386,000. 

In describing the actual execution of the works the natural division 
of the working seasons will be followed. In the official reports made 
annually to Government the financial year has to be observed, and the 
progress reported annually is from Ist April to the 31st March following. 

This docs not agree at all, in the case of works such as those we are 
desenbing, with the actual working scasons. The season for work in the 
river bed of the Ganges or Jamna extends from the falling of the great 
flouds at the end of the Rainy Season to the first rising of the river caused 
by snow melting in the Himalayas. This rising depends on the setting 
in of very hot weather and varies somewhat according to the season, but 
itis not safe to calculate on being able to work after tho 15th of May. 
The floods due to rainfall in the hills do not. come before July and the 
highest not unfrequently occur carly in September, 

From about tbe 15th September the river begins to fall rapidly. By about 
the end of the first weck in October some work in the river hed can generally 
be begun, The working season is thus sbout 7 months in length, but s de- 
duction for clearing sites from mud, silt &ce. before work can be began, and 
for dismantling at the end, reduces it for the purposes of actual progress to 
aboutsix mouths. The works are somctimes liable to interruption by winter — 
foods. One of these ocenrred in Kebruary 1875, the river rising suddenly 
as much as three feet; anda similar Hood came down in February 1877. 

The first beginning of the Weir works was made in March 1878. In 
order to ascertain preciscly what difficulties would be met with in keep- 
ing down the water and putting in the concrete and flooring of the Weir 
at tbe desired level, the Government ordered that 4 small section, 43 feet 
in length measured along the crest line, should be constructed ag an ex - 
periment. Accordingly the wells and blocks were sunk and the consrete 
foundation of the floor pul in. The experionce so gained was a valuable 
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guide, in estimating the amount of pumping power required to ensure 
the certain execution of the work and in other respects. In sinking these 
blocks Fouracres’ Excavator was used.* . 

This did not give good results here. Mr, Fouracres attributed the 
failure to the closeness of the Ganges sand as compared wrth that of the 
Sone where the machine was successful. This machine was used a little 
in the early part of the next season, but was subsequently thrown aside 
altogether and Bull’s Dredger adopted. 

Another point brought out by this experiment was the nicety required 
in piling the intervals between the blocks. The white sand of the Ganges 
is practically liquid when wet and nothing but accurately fitted sheeting 
will keep it out. 

Shortly after this work was taken up a trial well was sunk near the 
site of the Weir Sluices to ascertain at what depth the clay bed which was 
believed to underlic the white sand would be reached. The well was an 
8-foot circular one. The kerb made of fig (gular) or other common woud 
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edge and the whole was secured by straps of wrought-iron on the outside. 
Steining rods were carried up through the kerb and the brickwork. This 
form of kerb was finally adopted for all the wells, but those which did 
not go to the clay were made rather less deep in section and were not shod 
with iron. In sinking this well the advantages of the cutting edge and 
bevelled form of section were clearly shown. The calculated displacement 
of the well and the onbic content of sand thrown out, which was carefully 
measured, were almost exactly equal. | 

In April the general lining out of the Weir works was done. The 
magistral linc of the whole was of course the crest. of the Weir. 
This was marked by pillars built on each bank at a considerable distance 
clear of the worke on the prolongation of the linc. That on the right 
bank is on the high ground. This line is at right angles to the general 
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® For a descriptuon of thia machine, see No. 26 of the Furst Sertea of theses Papers, 
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direction of the river from Rajghat to Narora. The other lines ware 
marked in a similar manner, Ten feet bars made of well seasoned ed 
wood of T-shaped section laid on low trestles were used in measuring the 
lines,* three bars being used and care taken to keep them level. The 
water section was carefally measured trigonometrically. The same bars 
were used in laying out all the works.t 

There was no possibility of beginning work on a large scale before the 
floods. No machinery was ready in the shops, and time did not admit 
of doing much. The site of the Left Wing however, being well removed 
from the action of the floods, offered an opportunity for beginning work 
ona small scale. It was most desirable to do this so as to have a nuclens 
for the large body of workmen which the next season’s work would re. 
quire, as well as to train the establishment. The news of work being set 
going would be sure to spread through the country and cause an influx 
of men in search of employment, and in fact had that effect. 

In order to begin this work materials had to be conveyed from the 
Right bank. A floating bridge of country boats was therefore thrown 
across the river in the beginning of April. The superstructure was of 
sal beams 18 feet long and the irtervals between the boats was 10 feet; 
the boats being 16 fect in beam. One boat was sunk owing to insuffi- 
cient precautions to keep weight off the sides. The conntry boats on the 
Ganges and Jamna are very lightly made and in order to use them 
_ safely for bridging purposes it is necessary to distribute the weight care- 
fully ou the bottom only. This bridge was used by country carts laden 
with bricks &c. As all the weight is carried on one pair of wheels they 
cause more undulation than a four-whecled cart of equal load and the 
effect of this on the boats has to be guarded against. 

This bridge was maintained till Olst May and a large quantity of mate- 
rial was passed over it. | oa 

Work on the Left Wing wall was begun on 15th May. The wells are 12 
feet in diameter. Twelve kerbs were laid and built on before the floods, and 
a commencement of sinking was made which continued through the floods. 

Two 6-foot mortar pans purchased in Calcutta were set up close by, and 


* The length of bar was taken from s comparisun of 2 or 3 levelling alaves. 

+ Captain Western made the Weir when measured by u stecl tape 3 feel under the 4800. In ged0 
feat there were 380 repetitions of the 10-foot bar and if the 10-foot bar were 0°098 of an {ooh under the 
wtandard of the steel tape it would acommt for this difference, Aw neiLbor are eee y ane 
mined some differenis was to be vx pected, 
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worked ‘by'a 8 horse-power portable engine. The tool used for sinking 
was Bull's dredger.* 

At the same time surveys of the river from Rajghat to Narora were 
made and a system of works for training the river truly on the Weir was 
projected and the execution of it was begun in May. 

The diagram section given on Plate V. shows that the site for the 
Weir sluices was at this time occupied in great part by the cold weather 
stream of the river. 

The general programme of operations was to build first the Weir Sluices. 
It is obvious that this was the easiest way to get the weir completed across. 
During the progress of work on the Weir Sluices the Weir Proper was 
to be advanced as much as possible from both banks, care being taken to 
leave sufficient waterway for floods. When the sluices were ready the 
cold weather stream would be passed through them, and the Weir Proper 
completed across the bed of the river during a single cold season. 

The first thing to be done then was to reclaim the site for the Weir 
Sluices, and in order to assist in this two tloating tree spurs were designed 
to be thrown out obliquely to the stream above the site. » The first of 
these was near Narora village and 3000 feet up-stream of the Weir crest 
Line, the next 1700 feet lower down. 

These spurs were laid down before the floods in the hope that they would, 
by acting on the early freshes, give the river a new sot eastward. They 
were maintained with considerable difficnlty, partly owing to the nature 
of the bottom which sllowed the anchors to drag.f 

Another important preliminary work was the tramway to connect the 
Canal works with the Qudh and Robilkand Cormpany’s line at Rajghat. 
Two proposals had been made with regard to this. One was to make it 
entirely on the metre-gaage, receiving and stacking all material on a 
stacking field at Rajghat. The other to bring the broad-gauge (4' 8°4) 
down to Narora and there to form a depdt of materials, retaining the 
metre-gauge for the works. Both of these were abandoned in favour of 
a uniform gauge for the whole of the Canal lines. 

The ling when projected for the metre gauge had been laid out passing 
through the Workshops and the centre of the Station of Narora. The 


gradiente and curves on this alignment were unsuitable for the broader 
* Described in Wo. 8, Second Series, of these Papers, 


t As is generally known to those who have workad tn India, the anchors are large rough frames 
filed with beary material, The spur is formed by small trees thickly tled on = baweer. 
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gauge and the line was inconvenient in other respects. It was therefore 
abandoned and that shown on Pilate XI. finally adopted, the descent 
into the khadir being ,4. on a curve of 1500 feet radius. The con- 
struction of the line was begun in June and carried on during the Rains, 
a time of year very suitable for consolidating the kaukar laid under the 
corrugated iron sleepers. 

During and immediately after the Rains the lime kilns, six in number, 
on the Narora side (Plate XI.) were built and the lime-kankar stacking 
field, tramways, and sites for mortar-mills laid out. The mortar mills 
expected from England had not yet come. A small building was ran up 
to serve as a testing roum fur limes and mortars, and it was established 
asa rule that all the mortar nsed shonld be constantly tested by taking 
samples from that made for actual use. 

Season of 18738-74.—On the subsidence of the floods it was found that 
the tree spurs had been ouly partially successful in diverting the river off 
the site of the Weir Sluices. | 

In his anxiety to make them cffective the Engineer in charge had 
prolonged tlfem somewhat more than was quite judicious and they had 
burst in consequence. A succession of small spurs placed in echelon 
below them was resorted tu and these by their gradual action had the 
desired effect, but it was not until the 15th January 1874 that the site 
for the Weir Sluices could be enclosed by an earthen band. Even then 
the water ‘stood from 6 to 8 feet deep over a great portion of the site, 
and this had to be filled up with sand before work could be begun. The 
right abutment only was situated on original dry land and this was ex- 
eavated and wells begun on the 10th December. 

The Ganges was low in January 1874, but.in February it rose, after the 
gauge had registered the assumed low water mark of R. L. 575-00 for two 
or three daysonly. In February and March it varied between 576:00 and 
578-00 thus necessitating the laying of block and well kerbs-from 2 to 3 feet 
above the Jevel assumed in the designs, and adding to the sinking work. 

By the middle of January the cold weather stream of the river had been 
pushed 500 feet from the night bank eastward and took up its position 
for the season with a tolerably uniform section, It was then possible to 
throw a bridge scross. A pile-bridge of large scantling to carry the 
Oudh and Rohilkand Railway Company’s locomotives had been included 
in the estimate for the works, but it wag not thought worth while ‘to go | 
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to the expense of pntting it up in this season. Instead of it a bridge of 
light pilcs was used, with the same superstructure which 
had served in the previous season for the floating 
bridge, and on this a metre-gauge tramway was laid which was carried 
as far as the Left Wing. <A train of 40 wagons was run on it by hand- 
shunting. 

These wagons had been made for another purpose lower down the 
Canal and carried each 440 bricks or 33 cubic feet of material* The 
bridge ‘was opened about the 13th February and maintained until the 
29th May. Large quantities of bricks, lime-kankar, red sand and fuel 
were carried over it for the commencement of work on the Weir Proper. 
Each wagon was loaded and pushed by four men aud the train marshalled 
and managed by a conductor. These small wagons were not found so 
convenient for hand-sbunting as alight class of 4 feet 8} inch gauge 
wagons used at Okhla. The width between the bnffers was vot enough 
to admit two men safely and they were liable to cause serious accidents to 
the men. 


Season 1873-74. 


As soon as sufficient material had been carried across a beginning was 
made on the Weir Proper. Is was decided to build and sink the foun- 
dations for 800 feet in length measuring westward from the Left Wing. 
in fact, a longth of 926 fect was done (including the 40 feet done in 
1872-73) and the blocks and wells were fully sunk by the beginning of 
July. There were 81 square blucks and 104 circular wells in this work, 
besides other blocks in the partition hues. 

During the seasou the well sinking of the Left Wing was pushed on, 
all the wells, 27 in number, were built and by the end of the Rains of 1874 
were sunk to clay. It was impossible to force them into the clay without 
means of loading, which were not then availablo. Pumping was not re- 
sorted to during this season except to a small extent. Some was done 
in order to get in the foundation wells of the down-stream return wall of 
the Left, Wing and, at the end of the season, to complete the sinking of 
% few wells in the Weir Proper on the left bank. 

The chief work of this season was the foundations of the Weir Sluices. 
As fast as the site was reclaimed sand from the excavation of the Canal 
Head and Lock sites was tipped in by means of small metre-gauge tram- 

* 355,000 cubic feat of material ware carried over the bridge besides a large number of kerbs and 


other Shings. los cost including waste of material was Ra, U940, 
ory? ? } 
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ways, and as soon as the sand rose above water kerbs were laid and built 
upon. The non-arrival of mortar mills from Hapland 
caused some delay but others were got in Calcutta and 
elsewhere by degrees. One six-foot, one eight-foot, and two seven foot 


Season (S78-74, 


pans were set up on the right bank to supply the Weir Sluices; also a 
mill of rather nondescript pattern sent from Roorkee. Two six-foot pans 
were fixed at the Left Wing to supply the works there. 

The total number of blocks in the Weir Sluices is 282 and of wells 56, 
all of the latter having to go into the clay stratum, During the season 
217 blocks and all the wells were laid and sunk, wholly or in part. It had 
been hoped that the sinking work of the sluices would be completed dur- 
ing the season. The work however was greatly impeded by rises of the 
river in February and March. It also suffered from delays in getting 
kerbs and other essentials, owing to the Workshops nut being yet organised 
and fitted completely. 

Work was finally stopped on the znd June by a sudden heavy rise in 
the river. Previously to this the first 8 of the deep wells in the Weir 
Proper adjoining the Sluices had been+snank, to form a protection to the 
twelve-foot wells of the Left Abatmeut from a possible Isteral scour dur- 
ing the floods, and the whole site of the Weir Sluices had been enclosed 
by a defensive work of block kankar. 

This was run out on the up-stream side parallel to the face of the work 
ata distance of about 60 feet from the front line of blocks. It was car- 
ried as far as opposite the seventh well in the Weir Proper and then 
down-stream, passing over this well, anti! clear of the enrtain line of eieht- 
foot wells. A return paralicl to fhe up-stream face enclosed the work on 
the down-stream side. The top of this embankment was placed at R, 
L. 591 the foundation level being about 575. The top was about a feet 
wide at first and the slopes ?. To gard against the scour in floods the 
N.-E. angle was thickened inside and it stood well through the floods 
though soundings of 40 feet were frequently taken close to it. The work 
reqnired 620,000 cnbic fect of block kankar, out of which 275,000 cubic 
{feet were subsequently recovered and used elsewhere. 

The remainder must not however been considered lost as it forms s 
valnable defence to the ‘finished work against scour, especially that 
part spoken of as the N.-F. angle, and will check the scouring sac- 
tion of water running to the Weir Sluices when open. The whole 
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of this material was brought in from the depéts near Aligarh by 
the Oudh and Rohilkhand Railway Company’s trains 
direct to the work. 

The tools used for sinking the wells and blocks were principally Bull’s 


Season 1873-74. 


dredgers, ax mentioued already. Au improved sort of native jham ob- 
tained from Messrs. Marillter and Edwards of Calcutta was also used with 
very prood results, Some of the petty contractors had very expert divers, 
and when these were at hand the progress made with this tool was better 
than with the dredger. Wells have been sunk with it upwards of 7 feut 
in one day. Two sets of regular dress divers were also employed and 
were of great service in bringing up large pieces of kankar and sandstone, 
which were met with in some of the wells. No old trees or sunken buats, 
such as sometimes bave given so ninch trouble im well sinking, have been 
met with at Nurora. 

Canal flead—I1n order to provide means of keepime the workmen to- 
gether during the doods of Isv4.as well as to steal a season, if possible, 
for the progress of the Canal Head the site for this work was excavated 
and kerbs laid and built on before the rising of the floods ‘Phe wells were 
raised by temporary brickwork above the tlood level and sinking was 
began when work was stopped elsewhere, and was continned until the 
re-openiny of the other works. 

The progress of the works has now been traced to the end of the first 
working season, that of T875-74. We will now glauce at some necessary 
auxiliary work done ut the same time. The tramway was completed into 
the khadir by Christmas (873. A small canal Railway station and tele- 
graph office was established close to the Weir Sluices, and a station 
master appointed to work the hhadir trauaways under the canal officers, 
During the working season and the tloods of 1874 the sidings tu the 
kankar stacking gronud and Canal Head were also Iaid down. Alse a 
line to lead to the up-stremn side of the Weir Slaices and one to the site 
of the Lock. 

In the month of December 1873 the formation of the canal banks 
within the Station (or Cantonment) was put in hands, and completed by 
grassing the slopes in time to prevent this being cut away by the rains. 
The whole consist of pure red sand and had to be covered with a thick 
coating of vegetable soil and grass brought from the khadir below. The 


completion of this work afforded a level terrace road rather more than 
Zoe 
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half a mile in length overlooking the river, making a great improve- 
ment to the place, which however was at no time a very desirable place of 
residence. Several thousands of trees were planted in 1873 and 1874 
and did well, especially the shisham and sirris. 

A system of permanent triangles was established, and marked by brick 
pillars, for an annual survey of the river, Gauges at intervals of one 
mile were established and observed daily during floods. These extend 
from a point 6 miles above the Weir to Ramghat, 4 miles below it, and 
it is expected that the result of observations, when taken for several flood 
seasons after as well as before the construction and completion of the weir, 
will afford valuable data for calculating the effect of Weirs on a large 
scale in altering the regimen of a river. 

During the rains of 1874 two out of the four nine-foot mortar pans 
were received from Lngland and later the other two. The other mills 
were re-arranged during the slack season and fixed as described at 
page 26, 

Some special bricks were adopted for the coming season. The first 
contract for a hundred Iakhs of brichs was completed before the rains and 
a new one for the same quantity made in September. In 1873-74 vons- 
soir headers aud curved stretehers were used for the wells, the bricks 
being of the usual size, 94 inch long. A new brick the headers of which 
were 11} inches by 5 inches in mean width and the stretchers 104 long 
by 5 wide was adopted instead, the thickness being 24 inches only. These 
burn very well and make excellent work in wells of about 18-inch steining, 
the bond bemg very strong. <A closer brick for plain work (as suggested 
by Garbett in his book on measuring) was also adopted. Its size is 9% 
by 62 by 2# and it has been fonnd most useful in various ways. 

The collection of Block and Lime WKankar went on regularly. Also 
that of the ashlar required, and its fitting up as described already. Sev- 
eral new houses were built in the latter part of the working season. 

Season of 1874-75.—Before proceeding to describe the season’s work 
some of the preparations made for it will be noticed. 

Pumps.—Four 6-inch Gwyune pumps had been supplied from England. 
These were obviously not enough to ensure success in so large a work ss 
the Weir Sluices (having an area abont 450 feet by 150), besides which 
some power wags required for the Weir Proper. Two 12-inch Gwynne 


pumps with a 12 horse-power portable engine for each were purchased 
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from the Oadh and Rohilkhand Railway Company, which was the only 
available source. The pumps were new and magnificent machines, but 
the engines had done a good deal of work. Two Woodford pumps were 
also purchased in Calcntta. A very convenient timber frame was made 
in the Narora workshops for each pump. It had screws for traversing 
it in two directions and an arrangement for raising and lowering the 
pump easily, when fixed over a well. 

Portable engines suitable for the smaller pumps had been sent from 
England but one or two were added by local purchase. Three steam 
hoists were purchased. These were intended in the first instance for 
working sand-pumps, obtained fromthe Agra Canal stores, and twolarge- 
sized Bull’s dredgers. They were used for working the large dredgers 
but the sand pumps were not used as it was found they could not com- 
pete (in the pure sand) with the ordinary hand-dredger.* 

Later these hoists were used for other purposes. One, which had ahout 
2 horse-power, worked a couple of conerete cylinders on the Weir Sluices 
and the other two were used fur pile-driving. Two conerete-mixing 
cylinders, of the pattern known as Ridley’s, were purchased. One of 
these was intended for hdndpower but it was found better to work it by 
steam. The other was of a larger size, and answered so well that one 
like it was made tn the Workshops. 

In order to save time and trouble in getting pumps fixed and to obviate 
the necessity of having to use the foundation wells for pumps, in some 
cases an inconvenient arrangement, two wrought-iron cylinders were pre- 
pared for the express purpose of receiving pumps. These cylinders are 
3% feet in diameter and 12 feet long, or deep, made of 3-inch iron plate. 
Round the inside of the bottom a nieee of 23-inch angle iron was riveted. 
Above this was placed an india rubber packing on which fitted water-ti gbt 
a@ wooden bottom to the tube. At the top wore three large eyes to receive 
hoiating tackle. 

The tube was pierced with three sluices, each 12 inches wide and 24 
inches deep, opening downwards. The sill of the lowest sluice was placed 
so ag to be, when the tube was in position, a little below the level to which 
it was required to lower the water. The top of cach sluice was placed on 
a level with the sill of that above it. 


* Sand pumpy are very effective 1 sand mixed with stuncs, where the dredger 16 wvelecs. 
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These tubes require only a few hours to sink them in sand, with a smal! 
Bull’s dredger and a load of 6 or 7 tons. When sunk the bottom was 
put in by divers so that mo water (bringing sand with it) can rise 
from the bottom. The top slnice is opened gradually down when the 
pump is started, and as the water falls the second and the third. If 
pumping was suspended the sluices were at once closed and, together 
with the bottom, prevented that blocking up by sand which so often causes 
delay in pumping. 

Another provision for the coming season was a large quantity of sheet 
piling, The sheets were of sad wood very carefnily dressed and fitted. 
The guide piles and waling pieces were all of the same timber. Some 
very handy wrought-iron ringing engines were also made up in the Narera 
They were ona timber framed platforin with runners for 


Workshops. 
The monkeys for 


4 feet 84-inch gauge, the upper part of angle-tron. 
these were cast in a small cupela set up in the Shops and weighed 
4 cwt. 

The programme for the season of 1874-75 had been as follows :— 

1, Complete the Weir Sluices, so as to be able to pass the river 


thronyh them after the rains of 1875. 
2. Push on the Canal Head. 


3. Build and sink the deep wells of the Weir Proper extending over 
500 feet from the Weir Sluices, and also put in the concrete floor of the 
part near the Left Wing where the wells had been already sunk. | 
At the end of the floods of 1874 the state of affairs waa as follows :— 
In the Weir Sluices all the blocks and wells were in hand except 10 of 
Qn an average each block had 8 feet more sinking to he 


the former. 
There was also a good deal of sinking yet to be done on the 


doné 10 rt. 


wells. 
In the Weir Proper 8 of the deep wells had been partly sunk, on the 


right, bank, covering 70 feet from the Weir Sluices Eastwards; on the 
left bank the foundations for a length of 920 feet had been done, includ- 


ing the 40 feet done as an experiment in 1873. 
Jn the Canal Head nearly all the 105 blocks were more or less advance 


in sinking. 

Floods of 1874.—The floods of 1874 bad been rather heavy, the 
maximum gauge reading at Narora being KR. L. 585-80, showing a rise 
of nearly eleven fect above Low Water. A measurement of the river 

256 


THE CONSTRUCTION OF THE NARORA WORKS HEAD, ETC. 5] 


taken when the gauge read 585:20 gave as the result of calculation a 
discharge of 141,000 enbic feet per second. Probably this might be in- 
creased to 160,000 to represent the maximum discharge of the year. 

The position of the decp stream after the subsidence of high floods at 
its crossing over the Weir Laue, and the direction of the stream there, 
were of course elements of the greatest ituportance as affecting the sea- 
son's work. Early in the flood scason the conditions seemed Itkely to be 
tolerably favouralde. The main stream of the river then passed about 
half a mile off the wllage of Narorn and came down tolerably square on 
the weir line. Had this continued it would probably not have been very 
dificult to push the river further East after the floods aud reclaim the 
site for the decp wells, in the sauie way as was dove for the Weir Sluices in 
the previous season, and so to have carried ont the ortyinal scheme of 
work. Bat towards the latter part of the tloods the course of the matn- 
stream underwent a serious change. The flood cut heavily info the 
khadir land at the puint where Groin No. 3 is marged in Plate H1., 
eating ont a bay there. The rebound brought the stream lreavily against 
the Narora side near the [Inspection Tlouse, and a channel was formed 
which, after the subsidence of the floods, left the stream setting into the 
re-entering angle between the Canal Head and the Weir Sluices. This 
naturally cansed it to rush ent round the kankar protective works of the 
latter with great force, and kept up a heavy scour along them, The lead 
still showed 30 feet of watur over the sites of a great part of the pro- 
posed wells. The sane canse prevented the constraction of the pile 
bridge in the early part of the season, and the tortuous course of the 
ftream rendered a diversion tedions and uneertain. Under these cir- 
enmstances the extension of the Weir Proper wells from the right bank 
had to be abandoned. The work ultimately substituted for this will be 
described later, | 

Working Seasan of 1874-75.—-On the subsidence of the floods it was 
fonnd that a heavy deposit of black slime had taken place in and over 
the blocks and wells of the Weir Sluices. This was due to percolation 
throngh the kankar embankment, though it was rather difficult to account 
for the very slimy nature of the deposit im a river the bed of which gen- 
erally of pure white sand. 

This deposit varied in different parts from 3 to 7 feet in depth and 
amounted to not less than 350,000 cubic feet on the work. The un- 
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finished wells and blocks were filled up with it and it was a matter of 
great difficulty to get them cleared. 

Karly in November a 7-inch Gwynne and a Woodford 
pump were fixed in two of the curtain wells, No. 6 and No. 7 counting from 
the righi bank.* Dy the first days of December the sinking of blocks and 
wells in the Weir Sluices was again in active progress. The closeness of 
the blocks to one another made it very troublesome to sink them, and had 
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some of those in the second and third lines been omitted in the design, 
and compartments formed to be filled with concrete, a good deal of valu« 
able time would have been saved. Tis very probable that the whole of the 
blocks would then have been sunk in the first season, instead of not being 
complete till February 1875. The clearing and filling up with concrete 
of the narrow intervals was a very tedious task, and could not have been 
done in a solid manner had not the potaping power been very aflective. 

By the end of February, the sinking of the blucks having been com- 
pleted and a number of the intervals closed, it was possible to make a 
beginning on the consolidation of concrete in some of the eight bays, or 
compartments, (each 42 fect by 111 feet) into which the foundation of 
the open parts of the floor is divided. 

It had been found impossible to get the wells of the abutments and 
eurtain line down to their proper depth im the clay without the means of 
weighting them, fur which purpose nothing 60 effective as railway bars 
has yet been found. Large boxes filled with sand were ased at Narora, 
piled to a considerable heixzht one above another, and other expedients 
were tried without success. Early in 1875 a thousand tous of rails were 
purchased from the State Railway Departinent. Each well, it was found, 
required from 100 to 200 tons to get it down, These rails were delivered 
in March, and were brought into use as quickly as possible. It had be- 
Sme clear that the wells could not be finished in time Lo serve as part of the 
coffer dam for the concrete. Consequently a line of sheet piling was be- 
gan early in February, at a distance of 15 feet clear from the curtain 
wells, and thus two of the central bays were prepared for concreting by 
the 5th March. The work had been delayed nearly a fortnight in Feb- 
-ruary by a rise of the river, very nousnal at that season, of no less than 


3 feet in one night. 


* All the wells and blioka were numbered. The lines of blooke ware diatinguished by letters 
Ato K, each block being marked with itr unmber. The wells undor each abutmont and those in 
Mn le were similarly uumbered, those in curtain Une from Weut to Bast. 
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The pumping arrangoments were as follows:—One of the 12-inch 
Gwynne pumps was fixed in No. 18 well of the curtain 
line, facing the bay which was to be concreted first. 
This pump remained in the same place to the end of the working season. 
The other 12-inch pump was fixed in 8 wrought-iron cylinder sunk close 
to one of the curtain wells in the next bay to the East of the last named. 
These two pumps drained the two bays near them, which were excavated 
to receive concrete, and kept down the water in the alley formed between 
the line of curtain wells and the sheet piling. 

The Woodford and the 7-inch Gwynne pumps fixed, as mentioned al- 
ready, in the neighbourhood of the West Abutment were left in their 
places and kept down the water which drained into the Canal Head, as 
well as in the end bav between the abutment wells and line E. 
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A line of wooden caissons If feet lung by 6 wide and 10 deep was 
sunk in a bent line parallel to the right or West abutment wells and at a 
safe distance from them. These were filled with concrete, When the 
concrete was fully set the ends and iper sides of the caissons, which had 
been specially fitted, were unkeyed and drawn up. The intervals between 
the ends were closed by piling and concreted and the mass of concrete 
thus formed acted as a temporary abutment. Parallel to the East abut- 
ment a line of sheet piling was used The concreting of the floor thus 
went on independently of the deep wells. 

To keep down the water in front (or up-stream) of the work it was 
found necessary at this time to fix the spare 7-inch Gwynne pump on 
that side. It first stood in the centre block of the third line. Later it 
was moved to nearly the eastern end of the second line. This pump en- 
abled us to concrete the intervals between the blocks very efficiently, and 
also kept the water in front of them from overtluwing the floor. It 
would however bave worked still better if ou being moved it had beea 
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placed in a wrought-iron tube just outside the work in front, instead of 

within it, and thus created an outward draught instead 

Season 1874-75, : : 

of an inward one. It was being moved at the end of 

the season when work was stopped and not until it was subsequently 

worked cutside could the last of the intervals between blocks close by be 
closed up with concrete. 

When everything was ready the excavation of the bays was proceeded 
with, and the water having been reduced to the proper level six inches 
of dry brick ballast was laid down to receive the concrete at R. L. 567-0. 
Consolidation of conerete was beyun on Ath March and continued anin- 
terruptedly. The pumping was very satisfactory and every part of the 
floor was laid and consolidated in the dry. 

The lime for concrete was all ground dry and stored in baga. Two 
concrete cylinders set up on the embankment enclosing the work, on the 
up-stream side, were used fur mixing the lime with sand, equal parts by 
bul& of each being used. The supply of material was by a branch tram- 
way carried over the Canal lend on a trestle bridge, and the cylinders 
were driven by a large steaut-hoist and were fed froma platform laid 
level with the top of the hoppers. 

The brick (broken to 14-inch ring) having been soaked in tanks made 
up on the work was incorporated with the sand and lime mixture by hand, 
then carried straight to the work, laid and consolidated by ramming. An 
Assistant Engineer was specially eraployed to superintend this work. 
Very little water is reyuired in mixing concrete which it is intended to 
ram. Common cireular iron rarnmers were nsed, with a few square herded 
ones for use along the sides next blocks and sheeting. In a few days, 
under close supervision, the gangs got into a sort of drill and became very 
expert. The brickwork floor (12 inches thick) overlying the concrete 
was begun on the 12th March and extended as fast as the concrete was 
ready. It was laid in English bond. 

The first stone of the ashlar floor was laid on the 3rd April. Ag it 
was of the greatest importance that the floor should be laid as rapidly as 
possible, special care was taken with the arrangements. The whole floor 
for the Weir Sluices had been fittcd up on the ashlar ground by the 31st 
March. The blocks were each 5 feet long by 24 feet wide and 12 inches 
thick weighing about 163 cwts. The ordinary Indian method of moving 
atone, by harnessing a large number of men (bandhanis) to seach block, 
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was rejected as unsuitable where a large number of blocks had to be laid 
at one time. It would have required from 350 to 400 
men tu keep the masons supplied and led to a very 
inconvenient crowding on the work. Besides even when the stone is moved 
in this way gyns are required to enable the masons to set their stone pro- 
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perly. Instead of the bandkanis the supply of stones to the masons was 
effected by means of small trucks each carrying a single stone. A metre 
gauge traverse line was Jaid across the floor from each point in front of 
the work at which the ashlar was delivered by a pantry. At right angles 
to this traverse line a number of hight moveable tramways were laid, each 
leading to one of the gyns at work. These light lines consisted of 12-lb. 
rai] spiked to wooden pJanking. The small trucks were placed on small 
wrought-iron traversers whieh carried each block to the junction with the 
line leading to its proper place in the tloor. From thence the trock was 
pushed along to the gyn for wlich the block on it was destined, while the 
traverser returned for another truck and load. 

The traverse line was on a slight inchne and formed of 36-tbh. ral, 
braced and tied with iron so as to be ight and easy to shift. Weston’s 
pulley blocks were used on the gyns. When the work was fairly under 
weigh there were 12 gyns in ase, each laying about 12 blocks daily. 

The delivery of the blocks on the ijloor level was done by the help of 
two gantries Ret up about 120 feet apart on the up-stream side. By 
means of these the blocks were lifted off the wagons, carried to a point 
over the ends of the traverse lines, and lowered 15 feet to the tracks be- 
low. The stone was moved by crabs resting on a wouden platfurm truck 
running on the gautries. 

Aa the embankuent in front of the work was too narrow to allow of 
points and crossings, large wrought-iron traversers were used to transfer 
the ashlar wagons from the main tramway to a siding under the gantries. 

The work of laying ashlar was fully started by 12th April and continu- 
ed without intermission, except on Sundays, until the 12th June. A 
requisition for the blocks required for the ensuing day was sent in every 
afternoon by the officer in charge, and the blocks were sorted out of the 
fluor as it lay on the ashlar ground and loaded on wagons daring the 
night. The sorting was done hy nleans of “ bandhanis” who carried the 
blocks to a crane by which they were loaded ap in the wagons. 

On the 13th June a rise of the Ganges breached the embankment en- 
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closing the Sluices, near its N.-E. corner, and filled the work. By this 
time the concrete work was complete up to the limits 
emery SETS of the sheet piling and brickwork had been carried over 


nearly all the finished concrete. 
The greater part of the brickwork had in its turn been covered with 


ashlar. 

The blocks forming the foundation of the superstructure had been filled 
with a hearting of two parts of sand to one of lime. They were left an- 
covered in order tu allow the work to be inspected after the floods before 
building on them. This reduced the area available for laying ashlar on 
in the season of 1874-75. 

Well-ainking in the abutments and curtain line was continued. At 
the approach of the Hoods the unfinished wells were raised by temporary 
brickwork to allow of sinking work being continued during the rains. 
This temporary work was laid in mud tu save mortar and damage to the 
bricks,* but it was scarcely a wise economy for some of the work fell 
when the river rose on it, and some wells had to be supported by planks 
and bound round with rope to prevent accidents. Those wells the brick. 
work of which fell were of course lost for the time and no sinking could 
be done on them till after the floods. It should be noted that clay waa 
met with under the Weir Sluices at a sumewhat higher level than in the 
trial wells further East (the first trial well was near the Hast abutment) 
and it was decided in April 1875 to stop the wells when in clay at R. L. 
545°) instead of 543°0. Some of those in the West abutment got well 
m to clay at yet higher levels. 

Before proceeding to describe the season’s work on the Weir Proper 
that on the Canal Head must be brietly noticed. At the end of the floods 
of 1874 the work of block sinking had made considerable progress and 
it was then found necessary to stop it in order to force labour into the 
Weir Sluices. As sinking work was finished there the men were allew- 
ed to return to (the easier) work in the Canal Head so that before the 
end of May the blocks were all sunk and hearted with concrete. As the 
gangs employed in consolidating concrete in the Sluices ran out of work 
they were transferred to the Head. When the flood of 12th June came 
it found about one-third of the floor concrete laid; the fitst of the five 


* Brickwork in mortar cotid not be taken down at Narora even after a fow mouths without broak- 
ang tire pricks, s ; ve i i! 
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bays into which the floor is divided having been finished, and the third 

Se eae. partly so. Two of the other bays were cleared ready 
for concrete but the remaining one was obstructed by 
the trestle bridge leading to the Weir Sluices. 

It was very desirable to shift this bridge at a time when it was not 
wanted for use, in order both to improve the curves of the line and get 
the floor underneath finished. A clay bank was therefore thrown in to 
separate the Head from the Weir Sluices. 

While this was being done a 12-inch pump was brought from the 
Sluices and put up over one of the blocks in the left Canal revetment. 
A 7-inch pump had already been working in the centre of the front line 
of curtain wells and these two together laid the work (area about 300 
feet by 80 feet aud bead of water 18 fect) perfectly dry. Concreting was 
resumed on the 8th July and all completed, brickwork was laid over a 
great part of it and a small piece of the ashlar floor laid to receive the 
trestles, and thus obviate any necessity of breaking the bridge during the 
next season. This was done by 80th July and the pumps were then 
stopped. 

River Wall.—The building and sinking of the wells for this work (47 
in number) was pushed on during this season, and 41 of them were sunk 
and concreted before the floods. A bank of block kankar was built on 
the tops of the wells to protect the ground behind from erosion during 
the floods. 

The foundation of the pnddled clay bank faced with block kankar 
pitching which protects the river front in continuation of the River Wall 
and Lock Head was done at the end of this season. Orders to begin it 
were received in April, and it was carried on with some difficulty owing 
to the rising of the river in May. The clay had to be brought from Raj- 
ghat. It was carried to the work by weans of a branch tramway laid on 
the tow-~path. 

Weir Proper.—The unfavourable turn taken by the main stream of the 
river towards the end of the floods of 1874 has already heen described, 
and its effect in delaying the construction of the pile bridge, and in caus- 
ing a change of the programme of operations on this part of the work, 
has been mentioned. The timbers available for the pile bridge, which 
was this year to carry heavy locomotives, were only 20 to 22 feet in 
length, consequently could not be used in more than about ten feet of 
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water. Whilst the river was falling no time was lost in endeavouring to 
_ divert the stream eastward., A series of tree spurs 
Season 1874-75. , 

was thrown ont in echelon above the work and these 
gradually took effect, causing silt to be deposited on the sites of some 
of the deep wells of the Weir. Pile-driving for the bridge was begun 
from the left bank ot 16th January 1875. The depth of water had 
by this time been sufficiently reduced to allow of a spur of block kankar 
(an expensive material which we could not afford to use recklessly) 
being ron out from the embankment ronnd the Weir Sluices to pro- 
tect the site of some of the wells. Under cover of this sand was thrown 
in and the kerbs for Nos. 409 to 414* wells of the Weir were laid 

op 12th February. 

The bridge was nearly curmpleted on J8th February when it was delay- 
ed several days by a flood. A goud deal of the pile-driving for the bridge 
in this season was done by crab-engines, a steam engine not being avail- 
able until the work was about half done. The cost of driving each pile 
by steain was Re. 8-12 against Us. 5-8 by hand. The ptle-engine and 
steam-hoist which worked if were both put on a large country boat, but 
as this was found hardly © stiff’ enough it was decided to use two boats 
lashed together next season, 

The pile-engines were found scarcely high enough to set the pile easily, 
so a thirty-foot engine wax ordered for the next season end the work was 


then done very quickly. 
The bridge was ready for traftic on Yth March and kerbs, bricks &c. for 


the new work on the left bank began to pass over. 

The work taken up on the left bank in this seuson consisted in extend- 
ing the weir foundations 500 feet more westward in continuation of the 
900 feet done in the previous season. This was in substitution for the 
loss of length on the other bank. 

More work could have been done but if was not advisable to encroach 
too much on the waterway left available for the flood stream. By the 
31st March 9 more of the deep wells (on the right bank) were begun 
making, with the 8 of the previous season, 23 in all from the right 
bank out of the total number of 56 which had to be sunk to the dlay 
bed. These 23 wells cover a length of 227 feet. The protective works 


* The wells 442 1p nuraber are numbered trom East to West, 
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covered nearly 200 feet more, taking both sides together, and conse- 
quently there were abunt 2000 feet of waterway 
{3800 — (1400 + 220 4 180)} left clear for floods. 


In addition to sinking new wells the work of clearing out sand, con- 
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creting the floor and laying brickwork and ashlar in the work of 1873-75 
was to be pushed on. 

The whole of the blocks and wells in the new work were finished by 
the 17th May. Meanwhile concreting was begun from the trial block of 
1873. A good deal of the concrete put in there was found to be bad. 
This was partly owing {to the lime (supplied by petty contractors before 
our own lime burning arrangements were complete) not being good, and 
partly to the want of a perfect command of the water when it was being 
laid. All the defective work was taken up and made good, and work 
was carried on up tothe 30th dune, By that time nine compartinents, or 
bays, of the floor, covering 448 running feet of Weir, had been conereted 
and brickwork Jaid over 200 running feet. The ashlar for 700 feet run 
was sent over, but only 112 feet ran were Jai. 

During this season only three pomps were available for use on this 
side of the river. At first two 7-inch Gwynne'’s and one Woodford’ 
pumps were used. Latterly one of the former was replaced by another 
Woodford, as it got so worn that it did not give full duty. During the 
floods the Gwyune pumps were lined witb steel in the Narora Shops, 
which prevented their wearing and greatly improved their out-throw in 
the next season. 

The difficulty of keeping the work dry in this season was increased by 
the backwardness of the deep piling between the eight-foot wells. This 
was partly due to a want of steam piling engines and partly to the 
difficulty of getting piles 20 feet long set between wells which had been 
corbelled to a square top. This difficulty was obviated for the future by 
corbelling® the wells sunk in 1875 to the outer side only, which is in 
fact all that is required to form the floor upon. 

At the best piling between brick wells is an imperfect job, except for 
very shallow wells. It scarcely ever happens that two adjoining wells 
are both perfectly vertical. so that a perfect joint is very seldom pos- 
sible. : 


* All round wells which had to carry any superstructure were corbelled to a square before sinking 
the last Jengbh, This saved much expense and wae not found to osuse anv difficulty in sinking 
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Absolute dryness during consolidation of concrete was insisted on. In 
Season 1874-75, “omuequence of this, and the deficient pumping power, 
the proyress fell somewhat below what was desired but 
not so much as to affect the final result. 

The pumps were placed on certain of the eight-foot wells which had 
been prepared for the purpose. When building them two circular holes, 
12 inches in diameter and at different levels, were built on the inner 
site. These were filled up with brickwork in mud and plastered on the 
outside. P 

After the sinking of these wells was complete they were, instead of 
being filled, only concreted up to such a level as would admit of the 
pump standing below the lower hole. When required for use the holes 
were broken out from inside. The upper hole was used in reducing the 
water and clearing out the sand from the bays and the lower was placed 
so as to alluw of the water being kept down below the Joweet level at 
which concrete was tu be laid, 

A layer of 6 inches of broken brick Jaid dry was used below the 
concrete, to form a bed for it and prevent sand from working up into it 
during cousolidation. 

Work was continued on the left bank until 30th June when the back- 
water from the river rose so high as to block the outfall for the dramage. 

On the right bank six of the 23 deep wells were finished and, o talus 
having been Iaid behind (duwn-stream of) them, the floods were allowed 
to pass over them all. It was an oversight not to have filled the un- 
finished wells with c/can sand. During the floods they got filled up with 
slimy mud which it cost a great deal of time and trouble to remove 
before sinking could be resumed in the next season. 

To protect the end of this line of deep wells, a block kankar spur 200 
feet long was placed at right angles to the weir line, covering the last 
well, As this spur would be exposed to the full force of the deep stream 
in floods it was sure to require additional material. To sapply this a 
boat bridge was laid connecting its lower end with the tramway below 
the Weir Sluices. The flood-action on this spur was very violent in the 
earlier part of the floods, Lefore the recent additions to the river works 
had had time to take effect. 

The west end of the Weir work on the Jeff bank was also protected 
before these floods. In the previous season it had not been necessary, 
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but as it was intended that the river works should now throw the force 
of the flood stream against the left bank a estrone embankment faced 
with large kankar was thrown up. This was further protected by a 
spur 60 feet long carried up-stream, to kecp the spill water running 
back to the channel from cutting the embankment. A large reserva 
of block kankar was stacked near in case the work shonld he seriously 
attacked by the flood. A similar spur was thrown ont on the down- 
stream side. 

With the end of this season the work had reached a critical stage. 
The foundations for the weir had been sunk over a length of 1400 feet 
from the left and 200 fect from the right bank. The necessary protec- 
tive works at the two ends covered a length of 200 feet, making a total 
of 1800 feet out of the 8800 feet between the abutments of the Weir 
Proper, and leaving a waterway of 2000 feet available for floods. The 
floods of 1874 occupied a waterway of 1700 feet in width. It was clear 
therefore that until the whole i’ne of wells could be completed, from 
bank to bank, in one season it would not be safe to do much more in the 
way of extending the foundations of the Weir. The most that could have 
been ventured upon would have been to sink the remaining 33 deep welly, 
which would cover just 300 fect and reduce the clear waterway to 1700 
feet. To do more would have exposed one or both of the ends of the 
unfinished line to a violent attack from the succeeding floods, and mught 
have led to some of the wells being upset. If would also have forced the 
flood to scour out a deep channel for itself and thus have delayed the 
progreas of the work in the following season, just as it was delayed in 
that of 1874-75. 

The Ganges training works, which had been going on regularly since 
1878, were now approaching completion. lt was expected that after 
the foods of 1875, the stream would be forced to flow nearly square 
across the weir line, and wonld at the same time be pushed away from 
the right bank, where it had given so much trouble in the earlier part of 
the two former seasons. If so the early construction of the bridge would 
be poxsible, but no dependence was placed on this and a supply of 
material more than sufficient for the eight-foot wells had been already 
stored on the left bank before the bridge of 1874-75 was broken np. 

Under these circumstances a project for closing the river by the line of 
curtain wells, and turning the cold weather supply through the sluices 
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was submitted to the Government N. W. Provinces in August 1875. 
The programme for the season of 1875-76 was as follows :-— 

Project for closing the viccr.—As soon as the water fell low enough, 
the building and sinking of foundations was te be resumed on the left 
bank, using the materials already stored there. 

As the water fell in Septenther spurx were to be put in on the right 
bank to deflect the stream off the sites of the deep wells. Et was reck- 
ened that this eould be accomplished and the sites prepared by the 
middle of December. By the middle of February all the eight-foot wells 
up to No. 500 would be sunk, making 1300 feet ron of new work on the 
Jeft bank, while op the right bank the wells from No. 666 to No. 400 
would be in a forward state. A gap of 66 wells or just GOO feet would 
be left for the river. Three months would then be lefé in which te clase 
ihe river, diverting the water through the sluices, build and sink the re. 
maining GG wells, and prepare everything for the fluods. 

it was caleulated that the slnices conld be got ready to he opened for 
the river te pass through them by 14th February. A scheme for closing 
the river was at the sanie time sketched out. 

Floods of 1875-—The rains began ou the 24th Jaly. Early in Augnst 
the esurse of the river began to ehanve and by the middle of August 
the improvement in the course of the flood streain was very marked, 
the deep stream working oyer to the Mastward and impinging on 
the left bank above the Weir. A yang of men was kept at. work Joosen- 
ing the bank with crow-bars, and the soil was rapidly carried away by the 
floods. By the end of September the river had encroached 10U0 feet 
opposite the Inspection House, and the erosion extended down towards 
the Weir, getting rid of a Jarge patch of land which obstrnueted the 
approach to the Weir. 

Season of 1875 76.—At the end of the floods the main stream, which 
early in Angust had flowed in a deep and rather winding bed passing 
close to the kankar spur on the right bank near the Weir Sluices, had 
moved 1400 fect to the Eastward and was flowing nearly square across 
the weir line in a broad and shallow bed. The state of the river was 
most favourable for a closure. The main stream was exactly in the posi- 
tion most convenient for the operation and the cross section all that, could 
be desired. There were no deep holes, and it was possible to begin the 
pile bridge very carlyin the season. ‘The old bed feft on the right bank 
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Was now very narrow and nowhere more than [5 fect deep. -Morevover 
the velocity in if was very smal], nut more than that 
half a foot per second, so that there was no difficulty in 
closing it by a band and preparing the sites of the deep wells. Enst of 
this old channel was a shoal of some extent left dry, just at the site of 
Nu. 3866 well, the easternmost of the deep ones. Eastwards of that the 
water was shallow for a length of GOO fect, so that there was no difficulty 
in carrying an embankment for the tramway from the right bank up to 
the edge ot the main stream. 


Season 1875-76. 


By the 3rd November the chanuel on the right had been closed by an 
embanktwent and the kerbs fur 600 feet ran of new wells laid ont. 

Under these favourable circumstances the Chicf Mugineer approved of 
the programme sketched cat in August being adopted and orders to vo 
on with uw were received on 7th November. As these orders had been 
expected and everything short of actually beginning to build had been 
got ready, work was cormmonced at onee. 

Lhe season’s work will be described in the same order as before. 

No new machines or appliances were made or purchased except the fol- 
lowing : 

One additigual tank engine fur the canal tramways purchased fron 
the Oudh and Rohilkhand Railway Company. Fortunately they had one 
to spare of the same pattern as the two previously honyht. 

Two additional Gwyune pumps. A 1G-ineh pump was obtained in Cab 
eutta which proved a valuable addition tu the pumping power for the Weir 
Proper, throwing 1000 gallons per minute against G50 only which the 
7-ineh puinps throw. 

A. trestle bridge to carry the tramway over the Weir Slaices wheu the 
river was to be closed, wax ordered in July and made up in the Narora 
Workshops. Jt was to stand on the ashlar iloor and was 480 feet Jong in 
bays of 14 fect span. An additional hundred feet length of pile bridge 
was also prepared for the Weir. 

Weir Sluices.—It was essential to the success of the season’s work 
that the Bluices should be ready to pass the supply of the river when the 
opening left for it in the line of Weir wells had to be closed. To allow 
a margin for safety, this date was fixed at 15th February, althoagh 1 
was not absolutoly necessary to begin the closure quite so soon. Every 
offort was therefore made to get the work completed by loth Feb- 
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ruary. The sit'aking of wells in the Weir Sluices had been cont 

t * during the floods. Actual work was opened fc 

seas’ on in the Canal Head, the floor of which is 3 feet 
higher than that of the” sluices, Yumping was begun there on Oth Nov- 
ember (the pumps used in* July being still in position after repairs). On 
the Sth the work was dry alt ud brickwork was resumed on the floor. Ash- 
lar work on the floor was r°!.sumed on 12th November aud went on con- 
tinuously to completion. ee ; 

The superstructure w “hs beyrun in this season. It was desirable to get 
it above H. W. M. o.’% floods so that. it might be continued during the 
rains. The work we ‘ht on more or less rapidly according to the demand 
for labour on the wo'" rks which were of more immediate importance. 
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River et aa wk was carried on herein a sintlar way. By the Ist 
April it had reach: ' "a KR. L. 582 and so was available to employ some 
of the bricklayers,™ during the floods of 1876, 

On the Left W.".y% wall nothing was done in this season. The rails 
released from the fy Weir Sluices in March were taken over to load the 
wells. iia 

The arrangement’, 


et 







© for pumping in the Weir Sinices were as follows: 

One 12-inch Giwynt 
side the work behind t 
The other 12-meh pu 
well on the Hast aln: 


ue pump was placcd in a wrought-iron cylinder out- 
whe west abutment and close to No. 16 well in’ it, 
i | 

‘nip Was in a wrought-iron cylinder close to No. 13 
‘tment, outside the work, and a 7-inch pump was 
placed in one of the FS ront line of blocks on the up-stream side of the 
work. In order to 1? ower the water enough to allow these pumps to 
be fixed properly, a 7- mM eich Gwynne pump was worked in No. 26 eight- 
foot curtain well from the:* 16th November. The permanent. 

of puntps was thus got > °. 59 us not tu reyuire alteration afterwards. 
Bach pump was surroun j. a on the outside by sheet piling connected 
with the permanent work. ‘ 

On the 2Und November, when a - works were inspected by Sir Audrew 
Olarke, Public Works Member of* Council, the floor was nearly dry. 
Conereting and brickwork were resut, ,ned in the Weir Sluices on 13th 
December. By this time the embankit® sent between the Canal Head and 
the Btuices had been removed and the pu ‘ nps in the Cans! Head were no 
longer reqaired. Ashlar work was imme®. ° pigliately resumed and the whole 
went on without mterruption to Ist March. *,". By that time the well 
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ing had been finished the floor joined over the lines of wells, the abut- 
ment walls and piers had been raised six feet above the 
floor (to R. L. 578) and the work was ready to allow of 
the river being turned through it. Afterwards the superstructure was 
raised high enough to prevent its being submerged by the floods. 

Wer Proper.—When, on the 6th November, the Chief Engineer's 
orders to close tlic river were received brickwork was at once begun upon 
kerbs, which bad already been laid in position on the left bank of the 
river. A day or two later work was begun upon the new deep wells on 
the right bank. By the 14th 63 new wells were in progress and the sites 
for 49 more were ready for the kerbs. 

The additional 100 fect of pile bridve which had been got ready for 
this season gave the bridge a clear waterway of 600 feet. The con- 
struction of the bridge was begun, from the left bank, on 3rd November. 
This season the pile-driving was ‘lone entirely by steam. The thirty-foot 
pile engine, fitted on a raft formed of two country boats lashed together and 
decked with railway burs, worked very well and had ample “ stiffness” 
for placing the heavy piles. The bridge was rcady on the 4th January. 
It had a navigation opening of 30 feet spanned by iron girders framed 
and braced together and a footway 4 fect wide. To pass boats the iron 
girders were raised and renoved by bringing a boat under them.* 

At each end of the pile bridge an shutment of block-kankar was 
formed, to prevent any erosion of the banks by a flood, or during the 
operation of closing. A wing of tlock-kanhkar was put down-stream of 
each abutment, that on the right bunk being prolonged to No. 8 trial 
well. As the bridge was formed block-kankar was put in; first round 
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those piles where scour was going on, and then gradually extended till a 
level tloor at R. L. 570 was furmed under the entire bridge. 

On the left bank, two 7-inch Gwynne pamps were in position and work- 
ing by 5th December, to allow of the sand being cleared away and the bays 
made ready to receive concrete. Later two other pumps (a 10-inch and a 
7-inch) were fixed and the work of concroting, brickwork and ashlar went 
on steadily. On the completion of the pile bridge, the steam pile engine 
was sent to the curtain line of wolls on the left bank, ard another was 
got to work on the curtain line of the Weir Sluices.  Aftor finishing in 
the Weir Sluices, the latter worked along the Woir from the right bank. 
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It was a great advantage to the work on the Weir Proper that the deep 
piling was, this year, well in advance of the concreting 
work. The acquisition of a 10-inch pump and the great 
improvement in the old pumps from the steel lining also helped to make 
the work on the Weir Proper easier than in the Jast season. 

The writer left the works in December 1875 and resigned his charge to 
Captain J. H. Western, R.E. 

The trestle bridge for the Weir Sluices was put up in February; the 
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rail level on it being at R. L. 582. 
By the beginning of March all the twenty-foot wells of the Weir were 


finished and all the decp wells were in progress; and a dozen of the 
latter were complete. The pale-bridye stood between wells No. 273 and 
254. Preparation for the diversion of the river to the Weir Shiices 
was begun in the middle of February by filling up the hollows in the 
river bed with bluock-kankar, and this forming a continnous bar bebween 
the abutments of the pile bridee. The scetion of the bar is shown in 


the sketch. 
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The crest of this was one foot above the level of the Weir Sluices floor 
and the bar formed a platform on which to raise the dam required to close 
the river and make the actnal diversion. <A diversion channel 250 feet 
wide was excavated down to the water Jevel, leading to the Weir Sluices 
from the imain stream above the pile bridge, and three cuts 70 feet wide 
were wade through the spoil banks below the sluices, 

On the 2nd March the raising of tle loose stone dan. was begun. The 
material was brought in by train loads from the depéts near Aligarh by 
the Railway Company, and thrown into the river from the bridge. At 
the same time the embankment ronad the Sluices was cut. By the 5th 
the dam was raised to It, L. 580 and the diversion was eomplete.. The 
success of the arrangements was rendered more easy than it might have 
been by the small volume of water then in the river. 

As soon as the kankar dand was finished a facing of loose burnt ballast. 

thrown in on ifs up-stream sile over which were placed screeus of 
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srass and matting. Clay was then thrown in and when percolation had 
thus been stopped a sand Gund was formed and the situs 
of the remaining 63 wells thus laid dry. This was done 
by the 11th March and kerbs were at once laid and built upon. 49 out 
of the 63 wells were fally sunk within a month of laying their kerbs and 
the others soon after. 

Work on the Weir was closed on May 15th. <All the closure wells 
except one (which had to go about 28 inches more) had been sunk and 
all the deep wells except five. These last (Nos. 394 to 398) had got 
upon the remains of the protective works of 1475 and had to be filled 
up with sand and left to be completed next season, 
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At this time the concrete work in the floor had been finished over a 
total length of 1600 feet. 

The front line of Liocks was sunk for 440 feet from the right and 
eontinned 500 from the left. This brought the end of the hne on the 
left bank just half way across the Weir. 

At each end wells were substituted for the last three blocks, and they 
were annk 10 feet deeper than the blocks to provide agaist scour during 
the floods of 1876. 

In February 1876 4 modification of the Weir scetion was ordered. Ji 
originally had been thus— 
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It was now decided to abandon the cistern and make the floor flush at 
R. LL. 572 by omitting the shaded part. The original section had 
been completed for a length of about 200 feet on the left bank in 1874-75; 
the Weir wall being built also up to the level of BR. L. 575, 

The idea of the original section was to protect the floor from the action 
of the falling water by the three-foot cushion of water which would be 
formed over it, but it was obvious that the three-foot wall over the curtain 
wells would increase the action on the talus. Finally it was decided that 
the talas wanted protection more than the floor, and hence the cistern 
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At the time that this change was decided on orders were given to keep 
the Weir work down to R. L. 572, 7.¢., not to build the three-foot of Weir 
wall as before arranged to do, and to ent off the curtain wells at 572 
instead of leaving them at 575. The immediate effect of this was unfor- 
tunate. The floor of the Weir Sluices is also at R. L.572. Conse- 
quently there was no draw towards the Sluices, snch as would have been 
caused by the 3 feet difference of level, and after the floods there was no 
stream at all through them; when they ought to have been carrying the 
whole of the cold weather supply. Instead of that it passed over the 
Weir. The Weir Sluices were in fact useless during the working season 
of 1876-77 and a tedious and expensive diversion of the river, occupying 
26 days, was rendered necessary to move the stream from one part of the 
Weir to another. 

The talus of the Weir Proper was laid this season to a width of 60 
feet only. Its average depth was 3} feet. A temporary apron was laid on 
the up-stream side of the twenty-foot wells to protect them agaivst any 
scour on the up-stream side, It was 25 feet wide and 234 deep. The 
sand had therefore to be cleared ont down io R. L. 569-5, Three steam 
pumps were at work for three weeks to effect this. 

The rains of 1876 did not begin at Narora until 12th duly, but the 
river rose in June to about the average height duc to the melting of the 
snows. 

The main stream of the river continued where it had been before the 


clogure, namely ou the left bank. Previous to the floods the cuts shown 


in the diagram m Plate XV. had been made, to conduct the water to 
the left part of the Weir. The set of the river greatly assisted the action 
of these cuts. Men were employed to loosen their banks, aud by the end 
of the floods the ground on either side of the Weir was washed away over 
a length of 1600 feet, measured alung the Weir. 

In October the main stream of the river flowed over the finished part of 
the Weir, passing abont 300 feet from the Left Wing. The width of the 
stream was 400 feet. The rest of the Weir and the floor of the Weir 
Slnices were covered by a sand bank which rose in some placos to R. I 
584, or 12 feet deep on the work. With this mass of sand in the way and 
no advantage in the levels of the floor to help the diversion, it was con- 
sidered. hopeless to divert the stream to the Weir Sluices. The plan 
of operations for the season therefore was to leave the river untouched 
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while a part of the Weir (chains 20 to 26) 600 feet in extent wus 
completed and the Weir Wall built up to R. L. 576. 
Then to divert the stream Westward over this por- 
tion and then raise the wall where the strean: had previously been 
flowing. 

The work to be done on the Weir was to complete the front line ot 
blocks (over a distance of 1500 feet) with their cross blocks and to finish 
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the whole floor. There was a length of about 2200 feet remaining to he 
concreted, about 2800 to receive brickwork and ashlar floor. Also to 
build the Weir wall 4 feet high, or up to R. L. 5765 to add to the talus 
and form the apron. ‘The programme seemed easy’ and had the Weir 
Sluices been working would probably have proved so, in spite of the heary 
rain and most unusual flouds which characterized the season. 

The Left Wing wall wells were finished during the ratus of 1876. In 
October the superstracture was begun and it was built ep to full height, 
except the coping, by the carly part of January 1877. 

The River Wall was brought up to coping level during the rains. 

The Canal Head was brought up to roadway level by July. Dur- 
ing the season of 1876-77 the parapet and Cast-Iron grooves were 
added. 

Wer Sluices.— Work on the superstructure was suspended in April 
1876, in consequence of some moditication to the original design. It was 
not resumed until December 1876 and the lower story was completed in 
March 1877. The upper story and terminal towers were approaching 
completion when the writer visited the works in July 1877. 

Lock.—Orders to begin the Lock were received at the end of Novem- 
ber 1876. The foundation blocks were built and sunk during the earlier 
part of the season of 1576-77, and by July the superstructure was 
finished except coping. 

Weir Proper.—-The commencement of block sinking was somewhat 
delayed by the mass of sand which had to be excavated, and by the block- 
kankar temporary apron which had to be removed before kerbs could be 
Jaid. Block building was begun on 18th November. On the 16th January 
the concreting work on the floor was resumed. By the end of February 
ali the blocks required to complete the Weit had been sunk and hearted 
with concrete and the whole of the floor concrete put in. There only re- 
mained to put the brickwork and ashlar on part of the work and to 
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build the Weir wall. It was decided to make the wall in this season 
4 feet 9 inches high at the Left Wing and 4 feet only 
on the right reducing the height gradually from left to 
right. This was done to bring the stream in the floods back to the Weir 
sluices. 

Qn the completion of chains 19 to 27 of the Weir (measuring from 
the right) a trestle bridge 400 feet Jong was punt up and the diversion 

it the river over this finished part of the work begun. It took 26 days 
to effect this diversion, from 19th February to 6th March. <A bridge-of- 
boats was laid across the stream on the up-stream side of the Weir. The 
kankar was carried "from the bridge and laid by hand on the ashlar 
floor. It thus took a good deal longer to place the kankar than in 1876 
when it had only to be dropped overboard from wagons standing on 
the pile bridge. Moreover there was (owing to the extraordinary rains) 
rvre than four times as much water in the river this year than at the 
pame time last season, and in addition the stream had to be forced over a 
ved the bottom of which (at the Weir wal!) was 4 feet higher than the 
one it was to leave. 

Just after the diversion was begun, one of the foods which were fre- 
quent in this season came down, stopped the work, and damaged some 
of the bands formed to protect those parts of the Weir where work was 
still in progress. Previously to this, on 8th February, a 12 horse-power 
engine was washed away by the breaking of a band near the Left Wing 
and remained in the river for a fortnight before it could be recovered. 
Fortunately it was found to have sustained no serious injury. The season 
was generally unfavourable for the native workmen, who collapse with cold 
and are unable to work in wind or rain. 

When the diversion was completo the Weir wall wag built on the part 
left dry. By the lst April the ashlar oor was finished from bank tv 
bank, as well as the wall up to the height intended. 

The up-stream apron was formed by putting im the clay puddle, as own 
in the Section Plate VIII. and covering it with 2 feet of kankar piteh-~ 
ing, which brought it to the height required for this season. 

The talus was laid to a width of 100 feet and formed in accordance with 
the section on Plate VILLI. The continuous concrete wall shown in Plates 
VIL. and VIII. was put in, and the top of the slope, between it and the 
edge of the floor, was covered with specially large blocks of kankar set 
in rough mortar. 


Season 1876-77. 
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Owing to the fact of the cold weather stream flowing over the Weir in 
this season, instead of through the Weir Sluices as it should have done, 
a good deal of extra work was necessary to maintain communication 
across the river. When the works were first opened for the season there 
was a small side stream passing the Sluices. A short length of pile- 
bridge was put up to pass this, as the trestle bridge had been removed 
fron) the Weir Slnices. 

Then the main pile-bridge had to be put up over the stream near the 
lett bank, and finally, when the diversion was to be made, the trestle 
bridge of last year had to be set up on the talus on that part of the Weir 
to which the stream was to be diverted. 

The end of this working season thus saw the works practically complet- 
ed. On the Weir Proper there remained only to raise the wall to its full 
height, an operation which can be performed in the cold weather without 
difficulty, as the Weir Sluices will then pass the entire supply of the 
river. The apron would be added to by merely throwing in kankar so 
as to bring the slope up to the top of the wall after the latter had 
been raised. The talus would require addition to bring it up to the full 
section as well as some repairs to make good the effect of scour during 
floods. 

As regards the masonry works they were very nearly complete. What 
remained to be done could be carried on leisurely during the rains, a very 
favourable time for building superstructure, the work being now far above 
the level of the highest floods. 

The wrought-iron gates for the Weir Sluices and the Canal Head were 
prepared in the Narora Workshops during this season. An experimental 
vate was first made and taken to Dhanauri on the Ganges Canal for trial. 
The escape dam on the Ratmi offered the means of imitating exactly the 
conditions at Narora and the gates were fitted and tried there very satisfac- 
torily, only a few trifling alterations being found necessary, Great care 
was taken in designing these gates to provide against their being set 
fast by silt lodging in front of them. 

Friction rollers are placed at the back of the gates and the principle 
of an “inclined face” applied to diminish the effort required to open 
them. 
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APPENDIX. 


Table of quantities of some of the principal items of Estimate ; taken from 
Revised Estimates Part ITIL. of Lower Ganges Canal Project. 





























Wame of Work. | Barthwork. | Concrete. | Brickwork. | Ashlar. Block kankar, 
Left Wing Wall, ‘ ; 291, 2110, 48,5 508) 06,21 | 2020 40,50) 
Weir Proper, .. sett 14,016,000) 794,967) 1,236,557) 185,606 1,900,172 
| #2 00,000! $34,587! ne. $448,100 
Weir Sluices, .. 2,592,500 Jor, 786 626,649 92,107 476,850 
- a $332,000 
Canal Head,  .. sf ] 130,200! 24,317 108,119 22,442 90,584 
#120 000) oe - $150,000 
Lock, .. . w1) 886,400) 57,853} 174,660 nes i 
Totals, .. oe! SN Lanai 2 2,336,100! 302,704 3,485,536 
' 





* Clearing Wells. ¢ Dry Concrete $ Protective Works, 
Cost of the Weir and Head Works about Rs. 33,00,000. 


(i wish to acknowledge my obligations to Lieut.-Col. HL A. Brownlow, late Off. 
secy, dor [rrigavion to Government N. W. Provinces, tor kindly furnishing me with 
copies of Procecdings of Goverment N. W. Provinces and other printed papers re- 
lating to the subject of this Pauper. Also to Major W. Jeffreys and Capt. d. LL. 
Western for information relating to the progress of the works since I resigned the 
charge of them and for thar kinduess in furnishing me with Plans. ] 


H. 4. 
Caatianm, 
27th March, 1878. 
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No. CCLXXIV. 


aah staat ott ett neene mie. 


ON A METHOD OF LOADING OR UNLOADING A 


TRAIN WHEN IN MOTION. 
; Vide Plate. | 


By Carr. W. Sepnewick, R.E., Zempy. Depy. Consulting Engineer. 


Tur object of this Daper is to explain a proposed method of communi- 
eating with trains in motion so as te enable a through train to pick up or 
drop from time to time ot points along its ronte passengers or consign~ 
ments of goods without stopping. 

In railway travelling about one-third of the whole time spent in a journey 
is ordinarily lost in stopping™ at intermediate stations. 

A small number of stoppages in loug journeys are obligatory, forexample 
—at enginé changing stations on all railways and at stations where other 
trains have to be crossed on railways with single lines. Tfowever an 
allowance of one-twelth of the time spent in rnuning would be ample to 
cover all time necessarily lost by unavoidable stoppages and by reduction 
of speod in passing through stations at which no stoppage is made. 
Uence if a through train conld drop or pick up passengers and consignments 
of goods at intermediate stations without stopping and thus perform its 
journey without stopping except at engine changing stations or crossing 
stations, not only would the carrying power of railways be increased by 
one-third but also the consumption of fuel would be reduced by about one- 
fourth, the same amount of traffic could be carried with a much smaller 
amount of rolling stock, and the wear and tear of the rolling stock would 
be greatly diminished because the rolling stock would be saved from most 
of the blows and strains to which it is now subjected whenever trains are 


* In time lost in stopping, must be incinded the time fost by slackening speed Lefere the train 
actually stops and also after the train starta again the time lost before fall speed is regaioed, in 
widition to the time lost by actual detention at the station. 
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started or stopped: and thus both the duration of all jonrneys and the 
fares charged for them could be reduced by fully one-fourth. The subject 
is therefore one of no small importance to the public as well as to Rail- 
way Companics. 

Now, it is quite plain that if two trains were running side by side on 
two parallel lines of ratls at the same speed and in the same direction, and 
“af a hinged platform were Jet down from one of the trains on to the other, 
so as to bridge the space between them, passengers in any number could 
be transferred from one train to the other without any necessity for stop- 
ping the trains. Jor they could step across from one train into the other 
as onsily ag they can move from one side of a carriage to the other when 
a train is in motion. Similarly, the passengers’ luggage and any econsign- 
ments of goods, if loaded before haud on trucks with wheels, could in 
like manner in a few seconds be transferred from one train to the other. 

if therefore a second line of rails or a siding were laid down alongside 
of the main line for a short distance at points where through trains were 
required to drop and pick up passengers, andif trains of two or three 
carriages or wagons, or, as we may call them, station trains, were run out 
from these poinis alongside of the through trains, for a short distance, as 
they passed, the through trains would be able to drup and pick up pas- 
sengers without stepping. ‘he station trains would of courge carry out 
to the through trains the ‘‘outwards”’ and bring back the “ inwards ” 
passengers and goods. 

To work the station trains by steam power would doubtless be a very 
expensive arrangement. However steam power will not be required if the 
ends of the siding laid down for the station trains are curved outwards 
until thay are clear of the roadway of the main line and then carried up 
inclines with sufficient fall. For then a station train in descending the 
incline, at the cnd of the siding nearest to an approaching through train, 
will acquire, by gravity, snflicient velocity to lay itself alongside of the 
through train when it reaches the siding with a slightly reduced speed. 
When the two trains arc fairly alongside of another and going at the same 
speed the station train can be made fast to the through train and then if 
the through train goes ahcad at fall specd it will take the station train 
to the other end of the siding and leave it with sufficient way on to be 
able to run by itself up to the top of the incline. There, when un- 
loaded, if will be ready to take another load out and to serve the next 
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train in the opposite dircclion im the same wuy as it served the first train, 
When two trains follow each other from the same direction without any 
intermediate train from the opposite direction it will be necessary either 
to have two station trams which can be worked either together or sepa- 
rately or to run the one train back by gravity to the other end of the 
siding and hand-shuut it up the incline before the second through train 
arrives. 

The oublines of the scheme having been thus explained we may proceed 
to discuss the details. 

A body in vacuo whether falling vertically or descending an inclined 
plane without friction acquires a 

velocity == Af/iqh 


where g == 52:2 
and # = the vertical height thronyh which the body descends 


whether falling frecly or descending an inclined 
plane without friction. 

fTenee if a train were to descend in vacuo without friction an incline 
with a fall of one foot it would have acquired on reaching the bottom, a 
velocity of about 8 fect per second, equivalent to O93 miles per hour; also 
if it descends an incline with a fall of 4 feet it will acquire a velocity of 
about 16 feet per second, equivalent to 11 miles per hour; similarly, if it 
descends an incline with a fall of 8 feet it will ac.juire a velocity of about 

22-7 feet per second, equivalent to 154 miles per hour. And go on. 
Now, though the actual velocity acquirod by a train descending an incline 
with friction and exposed to the resistance of the wind will be far short 
of the theoretical velocity in vacao without friction, still making fall 
allowance for the resistances of wind, friction, curves and imequalities 
in the road, &c., it is plain that bauks of very moderate height will give 
inclines with enough of fall to give station trains, when desccnding them, 
sufficient velocity for all practical purposes, more especially on Indian 
Railways where the speed seldom exceeds thirty miles an hour andis reduced 
at stations owing to the lines being generally single and to the consequent 

employment of facing points, to five milos per hour. 
| With regard to the length of siding required for the station train. If 
we assuine that the speed of the through train, at the point where the 
station train comes alongside of it, is five miles an hour and at the point 
where the station train is cast off is twenty milcs an hour, then the ayer- 
Jot 
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age speod during the time the two trains are alongside of one another 
would be about twelve miles an hour. 

When the trains are alongside of one another the passengers, whe- 
ther leaving the through train or joining it, will have merely to step 
across from one train into the other, the purchase and examination of 
tickets, search for places, arrangements for refreshments, &c., being made 
at Jeisuro upon the through train. Also all luggage and consignments 
of goods to be transferred from one train to the other will be arranged 
before the station train comes alongside, on trucks with wheels, which 
will mercly have to be run across from one train to the other, the cxami- 
nation, labelling, weighing and stowing being all done upon the through 
train at leisure. It wil] thercfore only be actually necessary for the station 
train to be alongside of the through train for a few seconds. Supposing 
that two minutes were tlic time allowed for the trains to be alongside of 
one another as a maximum under any cirenmstances, the length of siding 
required would then be 2000 feet or about the same length as is now al- 
lowed for station sidings on broad gauge lines. Two thousand feet of 
siding would, under ordinary circumstances, probably be amply sufficient 
even if the through tram were to run past the siding at am average specd 
of twenty miles an hour. 

The Plate shows the proposed arrangements for working on a railway 
with a single Hine of rails. As has becn already explained, the speed 
of a train, on such a line, when passing through the facing points of a 
station siding, must not by regulation exceed five miles per hour. The 
facing points are always at the end of a station siding nearest to an ap- 
proaching train. It will be noticed that the ends of the station siding 
are carved outwards from the points, for a length of 200 feet by curves 
to a radius of 1500 fect so as to clear the roadway of the main line, they 
are then run straight and carried for a length of about 125 feet up in- 
chines of 1 in 25. After passing the inclines the ends of the siding are 
carried on a level to the waiting sheds and goods’ sheds. For these, small 
buildings will ordinarily be erected at both ends of the siding. At large 
stations however and generally at all places where the fact of the arrival 
and departure platforias being about half a mile distant from each other 
would cause inconvenience, the ends of the siding would be curved inwards 
beyond the inclines so as nearly to meet and in such case onc waiting shed 
and goods shed only would be provided. 
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In the fore-part of cach of the through trains, 7. ¢., immediately behind 
the tender of the engine two or morc platform wagons are provided (wide 
Fig. 3). These platform wagons have sides about 4 feet high and wells 
between the wheels; they are roofed over with flat roofs and the tops 
enclosed with posts and swing rails, so as to enable passcngers to pass 
across them into the carriages insafety. Patches are provided in the roofs 
of these platform wagons, so as to enable heavy baggage and consignments 
of goods to be stowed away in them or got out from them when necessary. 
During the hot season and in the rains the platform wagons are provided 
with temporary roofs. 

Tho carriages will have end openings and will be connected together by 
bridges so that passengers can pass from one end of the train to the other. 

Where end openings are not practicable platforms running outside of 
the carriages on brackets will have to he provided; the ends of these 
platforms would be connected by bridges. The front carriage of cach 
train would be reserved for an office where tickets would be obtained and 
Inggace weighed and Tabellcd. Refreshincut and ablution carriages for 
all classcs would accompany cach train, making a long journey. 

Station trains would be composed of platforn: wagons similar to those 
on the through trains, they would however be covered in on three sides and 
provided with powerful brakes. 

The station trains would be worked m the following way :—A short 
time before the arrival of a through train was expected all passengers 
wishing to travel by it would be got on to the station train at the end of 
the siding ucarest to the approaching through train and at the same time 
the passengers’ luggage and any outwards parcels or consignments of goods 
for the through train would be piled on trucks with wheels at one end of the 
station train. As soon as the station train is loaded it will be hand-shunt- 
ed ont to the nearest incline and the wheels there scotched. Tho station 
train must be ran right out on to the incline so that it may start off, by 
Eravity, directly the scotches are knocked away from the wheels. When 
there is a strong head wind the train must be started from the top of the 
incline but when the wind is aft it can bo started half way or even fur- 
thor down the incline. ; 

As soon as the through train arrives at a point, previously determined 
by experiment and marked by a large disc by day and by a light by night, 
the scotches will be knocked away from the wheel. of the station train, 
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and the station train will descend the incline by gravity and acquire in its 
descent sufficient, velocity to be able to run along side of the through train 
as it reaches tic siding with speed slackened to the speed fixed by regu- 
lation for a train whon passing through facing points. When the speed 
of the station train is greator than that of the through train the gnard 
of the station train reduces the speed of his train by using the brake. 
As soon as the station train is along side of the platform wagons of the 
through train, and the trains are going at an uniform speed, the guard of 
the station train makes his train fast to the through train and lowers a 
platform’so as to connect the two trains and hands the guard of the through 
train'the neccessary line clear report for his onward journey. The passoners 
who are leaving or joining the through train step across from one train on 
to the other and the trucks of luggage and goods previously loaded are 
wheeled across from one train to the other. The driver of the through 
train, as soon as he has satisfied himself that there will be no hitch, goes 
ahead at full speed and the pnard of the station train when his train 
approaches the end of the siding casts off the lashing connecting his train 
with the through train and allows his train to ran up the incline at the 
end of the siding, where be then unloads it. 

Water and fucl can be supplied to the locomotives of the throngh trains 
by water tanks*® and fuel boxes on wheels run out and taken off from time 
to time by the station trains, in the sawe way as loads of Inggage or goods 
aro brought ont or taken off on trucks with wheels by the station trains. 

Self-acting lubricating arrangements must be supplied to all parts of 
the machinery of locomotives: the tires of whocls will be examined from 
time to time at engine changing stations. 

The condition of the wheels could he examined periodically and oil conld 
be supplied when necessary to the axle boxes if a platform were provided 
for the parpose outside the carriages running the whole length of the 
train on either side. If the carriaves had side doors and access to them 
wore obtained by outside platforms, in the manner already described, ad- 
ditional platforms, for examining the wheels, would not bo required. In 
case of a train being full the guard of the station train of the pre- 
vious station would announce the fact by telegraph to the next station so 
as to prevent passengers being embarked on the station train. 

In conclusion, it may be pointed out that in addition to saving time and 

* The water tanks if necessary can be fixed to the plaiform wagons af staliou trains aad water 
ran trom thew by & hose ule the fenders of the locomotives, 
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expense 10 working, the Pee of an arrangement of this sort would 
add greatly to the comfort of all classes of travellers; it would enable 
seats to be paid for and luggage to be weighed and labelled at leisure; it 
would enable passengers to choose their own company; if would enable 
arrangements to be made by which passengers of all classes conld get 
their meals and be able to wash and dress themselves in comfort, if would do 
away with the necessity for the frequent examination of tickets, and lastly, 
it will enable the number of places, along a line, where passengers can be 
dropped or picked up to be increased indefinitely withont causing any 
appreciable delay. Tor if the inclines of the sidings were given suflicient 
fall, as they casily might hc, to impart a speed of twelve or fiftecn miles 
an hour to the station trains and if no points and crossings were put in 
(they would only be required at crossing stations) the through trains, in 
running past the stations, would only require to slacken speed sufficiently 
to pick up the station trains. 

It would doubtless take guards some little time in getting accustomed 
to working station trains in the wanner proposed, but there could hardly 
be any real difficulty more especially if they had to deal at first with trains 
going at five miles an hour only. It any Intch were to oceur the driver 
of the through train could bring his train to a stand and drop and pick 
up passengers in the ordinary way. 

The adoption of this method of working small stations would not pre- 
vent trains from stopping when necessary at large stations. 

It may sometimes be necessary, in order to avoid the introduction of 
facing points in the station siding, to have the station siding, altogether 
clear of the crossing siding. To effect this the station siding will be laid 
Without any points and crossings and the crossing siding will be put in on 
the opposite side of the main line. 

To guard against the possibility of accidents arising from the use of 
lashing to connect the station train with the through train, from neglect, 
on the part of the guard of the station train, to cast the lashing off when 
the station train gets near the end of the siding; the following way of 
conuccting the trains can be employed :—Stout catchos are hinged on to 
points on the platform wagons of the station train and when the station 
train comes alongside of the through train these catches are dropped be- 
tween two light spring buffers fixed at corresponding points on the side of 
the platform wagons of the through train. As long as the stetion train 
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e 
runs on the portiomof the siding where the line is parallel to the main 


line the catchvs bear against the buffers on the platform wagons of the 
through train and the station train is carried along by the through train. 
Bat when the station train reaches the curve at the end of the 
siding the divergence of the train draws out the catches from betwoon 
the buffers and the trains separate. 

It should be remarked finally that the object of this proposal is to en- 
able Indian Railways more fully to mect the wants of the Indian Public. 
In India even in the most densely populated districts the population is 
scattered in villages and not collected as a rule in large towns. Conse- 
quently to serve any district properly a railway must have stations at. 
very short intervals. 

But on the other hand, each stoppage must cause a considerable reduc- 
tion in through speed. And it is impossible to make up for loss of time 
from stoppages by quick running between stations, because quick ruuning 
is incompatible with cheap working, and cheap fares are an absolute neces- 
sity in a poor country such a3 India is. ence, uuless some arrangement 
of the sort proposed is introduced, the number of stations on lines of 
railway must be Janited, aud the country continue as at present to be in- 
differently served, 

W. 8. 


Dh kebruary, W378. 
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THE EKRUK TANK. 


Communicated by Chicf linginecer for Irrigation Bombay, 


Dated Poona, 20th Feby., 7878. 
‘Pais work, sitnated about 5 miles north-east of the town of Sholapur, 


is ono of the largest of its class undertaken by Government in this Pre- 
sidency. The site was selected hy Colonel Fife, R.I., in 1868, and the 
scheme, as drawn up by him, was submitted for the sanction of the Gov. 
ernment of India in 1866. The work was commenced in 1866-67. 

The tank or reservoir is formed by a dam 7,000 feet in length, and 76 
feet in maximum height, thrown across the valley of the Adhila River, 
a tributary of the Sina, at a point above which the catchment area is 160 
square miles. The level of full supply is 16 feet below the top of the 
dam. The escape of flood-waters after the filling of the tank is provided 
for by waste weirs excavated at ench end of the dam. That on the right 
bank is 300 feet long, and its crest is at the level 3 feet higher than that 
of the right bank weir. There are three canals for irrigation; two take 
off a level of 14 feet below the fall snpply-level, in the tank, and are 
designed for four months irrigation, aud the third takes off 39 feet below 
full supply-level, and is desigued to give a perennial discharge. 

The dam is entirely of earth. Tho top width is 20 feet in the central 
or highest portion, decreasing towards the ends where the head of water 
is less. The water face has a slope of 3 in 1 below highest flood level ; 
above that level the slopo is steepened and assumes the form of a curve. 
The back slope is 2 in 1, A puddle trench, 15 feet wide at bottom 
and varying in depth from & to 20 feet, is provided along the centre 
line to out off leakage under the dam, but there is no puddle wali, the 
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whole of the material of the dam being of good soil, laid in layers 3 inches 
in thickness, and watered and rammed or rolled. The dam has a coating 
of muram to protect the slopes and top from the weather, and the slope 
on the water side is pitched to protect it from the waves. 

Where the dam crosses the river and its height is greatest, s second 
parallel paddle trench 15 fect wide is added 50 feet from the toe of the 
inner slope for greater security against leakage through the substrata. 

Both the puddle trenches are carried down to an impermeable stra- 
tum... 

The dam was closed in December 1869, and the tank filled the follow- 
ing monsoon. 

The tank, when fill, has an area of 74 square miles, and contains 
3,350 millions of cubie fect. 

Tho work is designed principally for irrigation, and partly for water- 
supply of towns. 

In 1872, a flood occurred, which rose to within 7 fect of the top of the 
dam. The maximum head of water to which the dam has been exposed 
is thus 69 feet, The minimum and inaximum head of water cach year, 
that is, the head during greatest rise, and before the first replenishment 
at the beginning of the monsoon, has been— 


Maximum head, Minitatrm bead 
Feet, Feet. 
18706 ‘ A . ; * 23 * ‘ ; ° ‘ OG 
1871 5 . ‘ ‘ BS . : ; . ' 49 
1872 : . ‘ : : 42 : , ‘4 . . Gg 
LST 5 P ; ‘ ‘ 43 - ; ‘ ‘ ‘ 53 
1874 ; ‘ ; ; 44 F : ‘ , ‘ 03 
1875 ‘ : ‘ ‘ ‘ 49 “ ; ° » * 60 
1876 , ‘ P ° F 43 . * ‘i . . b6 
1877 , ; : y : 37 ‘ we te 2 59 


The dam is in excellent order, and has never given cavse for the least. 
uneasiness. There is no leakage whatever, though, as might be expected, 
there ave springs in the ground some distance in rear of the work, but 
even from them the discharge is slight. In February 1878 the total 
leakage ganged below the dam was 0-00 cubic feet per second. At this 
time the head of water in the tank was 55 feet. The discharge gauged 
comprises the whole of the springs which are led into the river by 

formed drains. | 

Xhese remarks are made as introductory to the following 
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dence relating to the construction of the work, which is printed at the 
suggestion of Colonel Merriman, as it will prove of gencral interest to 
the Department. 


Ww. Cc. HH, 


To—Capt. Penny, Rk, Exec. Kugr. for Irrgn., Sholdpur. Frou— 
Lieut.-Col. J. G. Fife, RE, Chicf Engr. for Irrigation. No. 770 
of 1868. 

Dated Poona, 16th Alay, 1868. 

Sin,—-Having made an cxamination of the Ekruk Tank dain, I have 
the honour to state the results, and to make some observations for future 
guidance in completing this very large, and in some respects, difficult work. 

The trial pits sunk into the dam carthwork show that the plan of laying 
down the material in 3-inch layers, and rolling it, has prevented large 
lumps of carth remaining rnbroken, and as far as can be judged from 
the present depth of the pits (from 3 to 4 feet), the material at o slight 
depth below the surface is compact aud damp. Near the surface, it was 
teo dry to crush completely under the roller, or to become very compact 
without moisture. The nodules of clay were very small certainly, but 
the extreme dryness of the weather has prevented them from adhering 
to each other, and though the work is good as far as density goes, it 
wants adherence of the particles of carth. When the pits are sunk deeper, 
IT request you will report the state of the material below what was exposed 
to view to-day. 

The material used for the dam is very good, whon of a good claycy 
nature, for checking leakage, but I think that for the opper part of the 
dam, where it will be expcsed to the drying effect of the air after each 
monsoon, it should have a larger admixture of sand, or small pebbles, or 
kankar nodules, to prevent cracking, and, in completing the work, this 
should be borne in mind, and the material used should be either selected 
or mixed with a fair proportion of sand or pebbles. In tho heart of the 
band, the material you are using is excellent. It has a sufficient quan- 
tity of sand and kankar nodules to prevent cracking, as it will never 
become thoronghly dry. I montion these poinis, with respect to the na- 
ture of the material, that no precaution against accident, or even slight 
injury to the work, may be overlooked. I did not observe any cracking 
of the material used for the body of the dam (the puddle trench excepted, 
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which I will presently notice), and I noticed that yon have already covered 
the completed portions of the band with a layer of muram or gravel, to 
give the material a better consistency to bear the action of the weather. 
The portion of the dam yet to be completed is, however, the central part 
where the height is greatest and whore, from the great mass of material 
employed, there will be more liability to cracking, and the material should 
therefore be selected and Jaid down with still greater care. 

I now come to tho subject of the puddling. I shall first speak of the 
material, and then of its application to the work. The material hitherto 
used is, I think, too pure a clay. Moro sand or fine gravel or small 
kankar nodules should be mixed with it to prevent cracking. It may be 
said that in the deeper parts of the work, where the puddling is as much 
as 28 feet below the natural surface of the ground, tho clay cannot dry, 
and therefore cannot crack, and considering the difficulty and expense 
which have been incurred in keeping the water down in the trench, it is 
impossible to gainsay this, but still 1 think that the material would pack 
better had it a little more sand, and at the same time it would not lose 
its stanching property as a clay. It is not like the clay which is com- 
monly used in England for puddle. It is more soluble in water, and 
requires peculiar treatment, as we decided last August, when 1 examined 
the work with you. It docs not answer, as we then saw, to use much 
water when ramming it. 

Two methods of packing the puddle have been tried, one with water 
added to the material, and the other without any addition to the moisture 
the material possessed when cxcavated from the pits, and the result at 
the two spots examined this morning was the same. After removing 
about one foot of the surface stuff which had cracked from exposure, the 
material was found free from flaws, and of about the same density in each 
case. As to the degree of moisture which will be found most convenient, 
I will record my opinion that 1 thivk there should be just enongh to make 
the material plastic under the stroke of the rammer. If the material is 
very wet, it either adheres to the rammer or springs under the blow, and 
cannot be made so firm and compact as when used in a drier and tougher 
condition. : 

With respect to the application of the material, I think, as I have al- 
ready mentioned, that a little sand added to the clay or, as you have 
yourself suggested, a clay obtained from some of the pits, which show 
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a greater proportion of sand and kankar nodules, would be an improve- 
ment. I think you would find it ecasior to render compact, and as the 
puddle wall rises above the level of the ground it will not crack. 

The trench you have excavated across the valley, and which is already 
14 feet below tho bed of the stream, the lower 11 fect being through 
muram which at bottom of trench is quite hard, is I consider quite deep 
enough, especially as the water which finds its way into the trench appears 
almost everywhere to issue from the upper strata, and not from the bot- 
tom of the trench. The trench should be filled with puddle before the 
monsoon, and the whole covered over, as you propose, with stone pitching 
to prevent the scour removing any of it. The pitching should be rather 
below the natural bed of tho stream, and not upon it. While the trench 
is being filled, the pumping should be continned night and day, that the 
water may be kept down, aud the material packed and rammed as tight 
as possible. 

The second parallel puddle trench should also be completed in the same 
manner before the monsoon if possiblc—at any rate the portions of it in 
the river channel and branch channel should be completed. The higher 
portions across the island, and on cilher bank of river, may be done after 
the monsoon. 

The third parallel puddle trench which we contemplated making some 
time back under the rear slope of the dam is not necessary, and may be 
omitted, as the muram substratum has proved more water-tight than was 
anticipated, and whatever Ilcakage docs occur under the first two puddle 
trenches may be allowed to find its way down the river channel. 

With respect to the removal of sand from the river bed under the 
whole base of the dam, which you have been carrying on for some time, 
it will be satisfactory if you get it done, and the sand replaced by good 
water-tight material, before the monsoon, as at its conclusion you will be 
able to resume the work, and finish the dam without delay; but I would 
not excavate the sand anywhere unless you are sure of getting the places 
filled again, otherwise the first flood may bring down as much sand as you 
remove, and the first outlay will be thrown away. I may mention that 
the sand and muram excavated in the river bed may be advantageously 
used for the rear slope of the dam, and for filling in the river channel 
immediately below the dam. Some leakage there is sure to be, and if 
you have an insoluble material oo it, and permit of its passage 
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clear away from the dam, the toc of the rear slope will be kept dry, and 
there will be less settloment. 

PF, S.— The above letter has no reference to the points alluded to by 

* * * * * . who is clearly not aware of the 
nature of the work under execution at the Ekruk Tank. The mode of 
construction is very similar to that successfully practised by Mr. Thom, 
the only difference boing that we have our matcrial ready mixed before 
we lay it on the dam, and for reasons of our own, we havo also excavated 
deep into the muram substratum to prevent underground leakage as much 
as possible. 

As to the expression “ puddle” if it be taken to mean stuff worked up 
with water till it is in a soft slushy condition we do not use it; but if its 
meaning be a compact and impermeable wall of clayed material we cer- 
tainly do use it; but instead of making a thin wall above the level of the 
ground, distinct from the body of the dam, though carried up simultaue- 
ously with it, we make the whole body of the dam of puddle. Perhaps, 
taking the literal moaning of the word, we do not use puddle, but the 
intention or object of the puddle when made up into a wall we do fully 
carry out by a different mode of applying good material, and a more 
liberal use of it. 


Mermonanpum.—No. 52A of 186s. 
Dated Mahableshwar, ith June 1868. 

On receipt of Memo. forwarding the remarks of  * . = " 
: on the Ekruk Tank, I referred the subject to Capt. Penuy, 
who is in executive charge of the works, and I then procecded myself to 
Sholapur to form my own opinion. 

I beg to submit two reports on the subject by Capt. Penny, the first 
giving a description of the material used and the mode of applying it; the 
second showing the result of several trial pits which at my request were 
sunk through the dam. I saw those pits myself sunk toa depth of from 3 
to 5 fect, and was satisficd with the result; but I requested Capt. Penny 
to sink them much deeper and report the result, which he has accordingly 
done. The fact of thesc pits having been sunk in the fresh earthwork to 
a depth of from 12 to 17 fect without the discovery of any lumps, and 
without the aid of shoring, the sides uf the pits standing perpendicular 
without aid, speaks for itself. The very dryness of the material, though 
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apparently a fault, only shows more evidently the goodness of the work, 
for the want of adhesion of particles to each other, which Capt. Penny 
mentions, must have caused the sides of the pits to fall in had tho material 
not been well consolidated. 

The work which has been recently examined will have the advantage of 
a year’s weathering (including the approaching monsoon) before it is ex- 
posed to the water, and tho only point relating to this part of the subject, 
to which 1 considered it necessary to direct Capt. Penny’s attention, was 
that he should observe the state of the material as it is brought to the 
dam during the fair season, and sec that it does not get too dry before the 
rollers are passed over it. I should mention that either Capt. Penny 
himself, or his assistant, Mr. Parry, constantly resides upon the spot. 

There ig puddle trench from one end of the dam to the other, to cut off 
leakage through the gronnd beneath the dam. In the lowest part of the 
valley, it is 14 feet deep below the very lowest spot, and in other places 
the depth is greater. Great difficulty was experienced in carrying this 
trench down, and pumping operations have been going on night and day 
fur months, and it was for some time feared that the operation would not 
be successful without a heavy outlay, and the employment of steam power. 
I was glad to find on my recent visit that the strata in which the springs 
occurred had been cut through, and a good substratum exposed, and | 
therefore ordered the filling up with puddle to be commenced, and I 
believe it is now completed. 

With respect to the mode of using puddle, it is the practice in England 
to add a great deal of water till the stuff is brought into a sloppy condi- 
tion. However, the treatment inust depend somewhat on the nature of 
the material. Tho strong yellow clay commonly used for the purpose in 
Bagland, takes up water very slowly, and it is difficult to make it too soft 
or slushy, but with tho Dekkan soils I do not approve of so much water 
being used. At Ekruk I examined two portions of the puddle trench 
which had been made with and without additional water, and exposed to 
the monsoon, and they were both compact, only a small quantity of water 
had been added to make the material plastic under the stroke of the 
rammer. At Pashan, last season, I found that too much water was being 
used, and I directed its discontinuance. 

In the dam itself or what is above ground level, a puddle wall ig not 
used at Ekruk. I prefer the mode of consolidating the whole of the 
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earthwork at Ekrak, to trusting to e thin puddle wall with mferior work 
beside it, From all 1 have been able to ascertain of the Sheffield disaster 
which occurred some years ago in England, 1 believe it was this reliance 
on the puddle wall which was the cause. A slender puddle wall of great 
height may be rent by the unequal settlement of the adjoining material, 
and unequal settlement there will be, unless the whole dam is carefully 
consolidated, or kept in a wet condition by the climate from the very 
first, when the action of the moisture remedies the want of consolidation. 
If a rent occurs in the pnddle wall the leakage is concentrated on one 
spot, and may blow out the material from the back of the dam. In In- 
dia, puddle walls are but rarely used, and only by engineers who have 
received their education in England. I should be very sorry to trust to 
a puddle wall and material laid down im thick layers as mentioned by 
some English cngineers—vrde extracts given in Capt. Penny’s report. 
I prefer a complete and uniform consolidation of the whole thickness of 
the dam by the application of thin layers (which ensure both the break- 
ing up of lumps and admixture of different soils), and by systematic rol- 


ling or ramming. 


J. Gd. F. 


To—The Chief Engineer for Irrigation, Poona. From—Capt. C. B. F. 
Penny, i.ki., Exec. Engr. for Irrigation. 
Dated Sholapur, T2th May, 1868. 

Sin,—In reply to your endorsement No. 4A of the 5th instant, for- 
warding copy of Ictter No. 2527 of the 23rd ultimo, from * * * * 
 * #  *  * “and requesting my report on the same, I have the 
honour to state as follows :— 

+ * * * * calls the attention of Government to [ 

J] what he assumes 
to be the faulty construction of the Ekruk Tank band, which he states 
is being constructed “ of the ordinary earth dng in the neighbourhood 
without cither masonry or puddling.” 

This statement [ J is likely to mislead Government as to 
the nature of the ordinary carth dug in the neighbourhood of the band ; 
as to what “ puddling ” consists of ; and must also give Government the 
idea that the whole subject of the construction of the band has been con- 
sidered by the Irrigation Engineers in the most superficial manner. | 
would therefore briefly describe the nature of the “ ordinary earth dag in 
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the neighbourhood” of the tank dand. Next quote some few authorities 
as to the nature of puddle, and then go into the question of whether the 
method adopted by us of constructing the band was done too hastily, or 
with undue consideration. 

The upper surface of the earth in the neighbourhood of the band, for 
about 14 to 2 feet in depth, may be called the ordinary black soil met 
with in the Dekkan, which has all the properties of clay. Below that, 
and almost to any depth, the soil is a stiff clay, interspersed with lime, 
which takes the form of kankar nodules or thin Jaycrs of fine grains of 
lime. So thoroughly is this lime mixed with the soil that in vertical sec- 
tions of the material 12 feet and upwards in depth, although the upper 
foot or two may have crumbled away, the whole of the remainder has re- 
mained upright and sound. 

Regarding the proper material for puddle, Professor Rankine says that 
the best puddle is formed of “clay freed from all large stones, roots of 
plants and the like, and containing as much sand and fine gravel as is 
consistent with its holding water; if there is too little sand the puddle 
is liable to crack in dry weather.’ Visibly therefore the use of the sand 
is to prevent the clay from cracking. In our case, /ime is substituted, 
and has the same effect. Mr. I. Dobson, C.F, on Foundations and Con- 
crete Works, Weale’s Series, says regarding puddic, “ Marl when chopped 
up small, and well punned, answers exceeding well, as also chalk, if the 
lumps are not too large. The greatest point of innportance is to leave no 
large lumps, but to break up the material very small before using it, and 
to pun it up carefully so that no vacnities may be left in any part.” I 
will therefore aflerwards show that, according to what Mr. Dobson states 
is the great requisite for paddle, the whole of our band, as being con- 
structed, ia one mass of puddle in the most approved fashion. 

Having therefore the whole requisites for puddle in the ordinary carth 
dug in the neighbourhood of the dand, it remains to be seen in what man- 
ner the band is being constructed. 

Professor Rankine says, “ that the embankment should be made in thin 
layers from 9 to 18 inches deep, well ramming each layer before laying 
down the next.” For constructing the Ekruk Tank near Sholapur, the 
following method has been, and is being adopted :-— 

A trench* has been dug throughout the entire length of the band down 


* When the dam croaves the river bed and ils height is greatest thore are two parallel trenches, 
PON 2k 
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to an impermeable stratum, and this has been filled in with chosen soil, 
the earth being supplied in layers of 3 inches, and well rammed. In 
forming the upper part of the dand, the earth has been spread in the 
sanie manner in layers of 3 inches, but instead of being rammed, each 
layer has been most carefully rolled with iron rollers, The solidity of 
the embankment is still farther increased by all the earth being bronght 
in carts, each layer of 3 inches has therefore an immense traffic of carts 
over it, besides being rolled, before another layer of 3 inches is placed on 
the top. By having the earth spread in such very thin layers, it becomes 
a matter of impossibility for any large lumps to be left in the band. So 
perfect and consolidated is the portion of the band already completed that. 
it brought forth the remark from the late District Engineer of the G.I. P. 
Railway at Sholapur, that “the whole and is a puddle wall,” or words 
to that effect. Ispeak fromm memory, and the expression is impressed 
on me from having noted it at the time as a favourable opinion, from a 
practical man, of the construction of the work. 

It should be borne in mid that all acknowledged authorities for the 
construction of dams, speak on the best method of making bands from 
the experience they have had in England or the Continent, &e. India to 
all of them is a closed book, and such soil as is found in many parts of 
India as the ordinary soil of the country, is of the same description as 
we are told great pains should be taken to obtain, that is, it is composed 
of clay with lighter material in such proportion as to form the best in- 
gredicuts for puddle. With soil such as this, the whole of the Ekruk 
Tank dand is constructed in layers of 3 inches each ; whereas authorities 
tell us that it is only necessary for a very small portion in the centre of the 
band to be built after this mauncer, the material for which should be care- 
fally cleared of all large stones, roots of plants, and the like; the re- 
maining portion may be male of clay, but without any clearance of large 
stones and the like, and constructed in layers of from 9 to 18 inches thick, 
or as Mr. Samue] Hughes, C.h., says in his Treatise on Water Works, 
“in layers not excecding 2 to 3 feet in thickness.” 

Puddle walls, however, are not always used in making embankments 
in Great Britain even. Referring again to a treatise on water works by 
Mr. Samuel ilughes, C.i5., page 287, it will be seen “that Mr. Thom of 
Glasgow, who has had great experience in the construction of these works, 


(carthon embankments) does not approve of puddle trenches in the bank ; 
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bné after excavating the foundation to such a depth as to be firm, and 
prevent the passage of water, he forms the bank by spreading alternate 
layers of puddle peat, or alluvial earth, and gravel, beating them well 
with wooden dumpers till they are completely mixed. He afterwards 
covers the slopes with a puddle of small stones or furnace cinders, mixed 
with clay, to prévent moles or other vermin penetrating into the bank.” 
Mr. Thom refers to “imany reservoirs he has constructed in this way 
without puddle trenches at Greenock, Paisley, and elsewhere.” 

I trust I have shown therefore that the subject of the best method of 
constructing the Ekrauk Tank dand was not considered hastily, and also 
have satisied * * * * * * that the Irrigation Engineers 
ave fully aware of the importance of the work they are carrying ont and 
will have a due regard for the interest of all concerned, * * * * # * 

In conclusion, I would wish to add that Mr. Thom’s method of cover- 
ing the slopes with a puddle of small stones or furnace cinders, mixed 
with clay, can always be adopted should higher authority consider such ne- 
cessary. 


Cu. 2. 


To—Capt. Penny, RE, Haec. Engr. for Irrgn. Sholapur. From—The 
Clacf Fugr. for Irrigation. No. 778 of 1868. 
Dated Sholapur, 16th May, 1868. 

Sirr,—I have the honour to request you will make some experiments 
with the material you are using for the Ekruk Dam. 

A moderate quantity, say a cart-load, of each variety of material 
taken from the pits should be placed upon a piece of firm level ground, 
and made up into conical shaped heaps. Three examples of each variety of 
material will be desirable; one made up into a heap without any addition 
to the moisture it possesses when exeavated ; a second with a little water 
added; and a third with a great deal of water added, that it may be in 
the condition of the puddle commonly used in England. 

After these samples have had a few days to dry, you will be able to 
see which is most compact without cracking, and I request you will report 
the result. 

I am going to look at the Pashan Dam this evening, and will send you 
any information that I may find worthy of note there. 
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To—TZhe Chief Engr. for Irrigation, Poona. From—Capt. C. B. F. 
Penny, Rk, Exec. Engr. for Irrigation. No. 580 of 1868. 
Dated Sholapur, 29th May, 1868. 
Sin,—In accordance with instructions received in your letter No. 778 


of the 16th instant, Lhave the honour to report as follows:— 

Specimens of three kinds of material of which the dand at Ekruk is 
being made were chosen, and three conical heaps were made of each kind. 
One heap was well rarnmed without any addition of moisture; a second 
had as much water added as is at present supplied to the band; and a 
third had a great deal of water added to it, reducing it to the condition 
of puddle commonly used in England. Of the three specimens of soil 
used, one was common black soil; another was a clay of a Highter colour 
with a mixture of kankar; and a third was a clay of a much lighter 
colour, with aainixture of kankar and other material, very like fine sand, 

Of the black soil specimens, the heaps, without any addition of moisture, 
became a mass of dust on the outside, the imner part being a body of loose 
material, The heap, with a slight addition of water, was cracked all over 
on the outside, but the inner part appeared still to have moisture, and was 
firm. Theheap, witha great deal of water added tu it, was in deep cracks, 
and had nearly all crumbled away, leaving little moisture in the interior. 
It would appear in this last heap that in the process of drying, the large 
eracks fornied had inercased the evaporation, and that less moisture was 
left than in the heaps which had received ouly a shight addition of water. 

The same results, only of a more favourable nature, were observed of 
the second kind of material used, viz., clay of a slightly hghter colour 
with an admixture of kankar. Of this material it was evident that a 
slight addition of watcr was of more benefit than a sufliciently large quan- 
tity to reduce it to puddle. 

Of the third kind of clay used, that of a much lighter colour with an 
admixture of kankar and sandy material, there could be no doubt which 
heap was the most satisfactory. The one with no addition of moisture 
was a heap of fine dust with no adhesion of the particles ; the heap with 
aslight addition of water was compact and moist in the interior, but the 
outer part was little dry and wanted adhesion; the third heap, however, 
with a good deal of water, was one compact mass, without scarcely a crack, 
and could be lifted up gnatire without breaking. When broken in half, 
the mass was found c¢ ipact and moist. 
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BULL’S PATENT TRENCH KILN. 


{ Vide Plates L and IL. | 
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By W. Buin, Ese., A.LC.E. 


FortHer experience in the use of the Annular Flame Kilns, on which 
several Articles have been contributed to the Professional Papers from 
time to time, has led to very considerable modifications and inprovements, 
The extent to which these improvements have been carried out will be 
shown by the following description, and its accompanying drawings. 

The succeseful application of the Lloffinann system of top firing to 
the kilns as originally designed led to the discovery that with properly 
constructed chimneys and dampers, the admission of air for the combus- 
tion of the fuel by means of openings in the sides of the kiln could be 
entirely dispensed with. It at once became apparent that the kiln walls 
could be similarly dispensed with, or rather that the natural earth would 
answer just as well and keep in the heat much better. The resalt of the 
first trial far exceeded my most sanguine anticipations. The constraction 
of the kiln is at once reduced to 16 per cent. of the cost according to the 
old plan. The absolute impossibility of any escape of heat or admission 
of cold air by the sides or bottom increases the economy of fuel, and 
greatly improves the draught and rapidity of burning, and the decreased 
cost permits of the new kiln, or process, being used for the smallest num- 
ber of bricks down to a single lakh. 

It may be of any width which can be conveniently fired. It may be 
a short straight piece worked periodically. It may be a long straight 
piece worked semi-continuously, or it may be circular, square, oval or 


oblong to work continuously. The process is the same in all, and in 
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different positions each may have its advantages. It will he very easy 
to adapt the instructions now given to any of the shapes mentioned. 

The kiln is simply a chamber or excavation dug to the depth shown 
in the drawing with the bottom sides and top edges dressed off to a true 
surface. Of necessity uot a single brick need be used in the construc- 
tion. Doorways, flues, ashpits, openings of any sort and flooring are 
dispensed with. 

When excavated and dressed off to the proper depth, the sides should 
be hand-plastered with a mixture of cow-dung and mud, as it causes the 
earth to hold together better. 

The best form of kiln for regularity of out-turn is undoubtedly the cir- 
cular one, but for a small number of bricks it would of course be mast 
economical to construct a straight picee of a length in proportion to the 
number to be burnt. Except for the difference cf distance from centre 
to centre of furnaces on the inner and outer faces of a circular kiln, the 
setting is precisely the same in both. Tn both cases that distance can be 
altered at pleasure, there being no fixed conditions of any kind between 
the kiln and the setting. What may suit cue kind of clay may not suit, 
another. When two or more kilns are required in the same brickfield, 
two straight pieces of one hundred feet each, Joining two semicircles of 
the radius given in #g. 1 will give a double kilu, net more than 300 feet 
being required to work continuously in the present plan. A ring of the 
mean length of 300 fect would not answer, on account of the great differ- 
ence from centre to centre of furnaces mm such a compending sinall circle. 

For a jong straggling brickfield, one long straight piece would pro- 
bably be the most suitable. The whole being below the surface of the 
ground, or only slightly raised, the coolies loading and unlvading can 
walk over along the kilns at pleasure. 

In the drawings— 

fq. 1 is a complete plan of a kiln for working continuously on a small 
scale. 

Fig. 2 is a part plan showing the method of commencing the setting, 
and the temporary wall for starting the firing. 

Fig. 3 is @ part plan showing the top of the setting, and the method of 
forming the feedholes. 

Fig. 4 isa half plan of two complete chambers covered and ready for 


firing. 
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Figs. 5 and 6 give an exact Jongitudinal sectional clevation of one 
chimney length, and a portion of another. Fy. 6. shows the feedhole 
walls, and /’¢g. 5 the intermediate walls and chimney space. 

Fig. 7 shows a half cross-section between fecedholes. 

Fig. 8 shows a half cross-section through feedholes and furnace. 

Fig. 9 shows atemplet for giving the position of the bottom brick 
between each furnace, and the width of the furnaces. 

Figs. 10, 14, 12 and 13 show the details of the dampers to be used. 

Figs. 14, 15 and 16 show the details of the chimneys. 

fg. 17 is atemplet for giving the position of the bottom bricks in a 
cirenlar kiln of the radius shown in F'tg. 1. 

In choosing a site for a kiln, a Jevel piece of ground offers the greatest 
facilitics, but is by no means a necessity as the sides may be partly raised 
by mud wall work or kucha brickwork. Hf the excavated earth is good 
for moulding purposes, it answers best to entirely excavate the kiln, if 
not IT would recommend its being raised two feet. and the carth from the 
remaining depth utilized in levelling off a width parallel to the kiln, and 
the same height as the top on which to stack the wood. Two sets of 
steps which may be made of mango wood for the coglies to go up and 
down on are required. In all cases there should be slight fall away from 
the top edge of the kiln to prevent rain water running in. 

A length of 50 feet or more having been excavated, and the bottom 
anil sides treated as directed, loading can be commenced. The width of 
furnace is 13 inches, and the distance between 2 feet 9 inches. The near 
wall of the first furnace is only 1 foot 3 inches, and the far wall of the last 
in each length is 1 foot 6 inches. The latter has a greater tendency to 
settle down owing to the forward action of the Hames. Each chimney 
length is exactly the saine, and there should be six inches between cach 
length to allow in the first plan of the dampers being dropped down; and 
secondly, as a smoke chamber over which to place the chimneys, The 
feedholes and chimney openings are shown in detail, and should be fin- 
ished off with a pila brick at the top. 

As each chamber is filled a compact layer of dry earth or ashes, never 
less than six inches in depth, should be evently spread over the whole, level 
with the top of the feedholes. In the cold weather some pila bricks may 
with advantage be set under the chimneys to catch the steam droppings. 
It is almost needless to say that the bricks should be as dry as possible. 
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It is not adviseable to pack the bricks very tight in the walls, but no 
actual space need be allowed, except in the three top bricks. Between 
the bricks of the 2nd and 3rd courses half-an-ineh space should be allow- 
ed, and the top course should be composed of two bricks running longi- 
tudinally with three inches space between them. The spaces between the 
walls should never be more or less than three inches, and between the outer 
wall and the face of kiln four or five inches. If the bricks are longer 
than shown in the drawing the width of kiln must be proportionately m- 
creased. 

wo chimncy lengths and part of a third having been sect, the tempo- 
rary cross-wall with seven short furnaces at the foot of it, shonld be rnn up 
of Joose bricks andsmeared over with mnd, the dampers should be put down 
the second chimney opening, and firing commenced in the cross-wall before 
mentioned, slowly to begin with. As steam ceases to rise out of each 
line of feedholes successively they should be closed, cither with a conple 
of bricks or a thick square tile, of which a couple of thousand may be 
moulded specially for this purpuse and burnt. Twenty-four honrs after 
firing has commenced, the third chamber should be completely loaded, and 
the dampers withdrawn from the second opening, and put down the third. 
The chimneys should be put over the second opening, and the first closed 
up as well as all feedholes. This should be done as tightly as possible 
to allow of the fall power of the chimneys being exerted. At the foot of 
the chimneys six or nine inches of dry earth or ashes should be spread to 
catch the condensed steam, which principally (but not entirely) rung out 
through the bottom joint, owing to the peculiar constrnetion of chimneys. 

Whon the heat in the kiln has got up to such an extent that the hand 
cannot be borne on the chimneys, they should be moved on as before. 
This rule for moving on the chimney should always hold good. By this 
time, if not before, the bricks forming the first furnaces will be red hot, 
and top firing should be commenced in the first row of feedholes. Three 
or four hours after a second may be commenced, and similarly a third. 
This is sufficient for regular working, but until the kiln has been once 
fired, 1t may be necessary to continue firing the feedholes next the wall 
after the three middle ones have been closed. Cast-iron caps should be 
provided to cover the months of the feedholes when burning, as anything 
of earthenware is sure to get broken. 

The kiln will now be in full working, and the top and buttom firing 
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should be continued, until the first furnace has been sufficiently fired. 
This can be told by the settlement as well as by the appearance. The 
bottom firing should be slackened down then, but not discontinued until 
six furnaces are closed. It should then be stopped, and the furnace mouths 
loosely closed with bricks, but not plastered. Loading, firing, and moving 
on the chimneys should be going on in proper order, and when 15 furnaces 
have been closed, the mouths of the furnaces in the cross-wall should be 
plastered up, and air admitted by partly opening the first line of feedholes. 
The object of this is to prevent the smoke cddying back along the top of 
the passages. When 25 are closed, the first row niay be opened entirely, 
and after that every fifth line, beginning with the 25th or 80th behind the 
firme. Letween these and the dampers every feedhole should be carefully 
closed. The three rows firing only being uneovered when dropping in 
the wood or to see how the burning is getting on. The firing is very 
simple, and any smart coolie can be trained in a week. dust as much 
wood only as will burn freely without any accumulation of charcoal 
should be given, one piece generally to each hole about every half hour 
being sufficient. The system here detailed ensures such a regular distri- 
bution that the utmost perfection of burning is obtained. Except the 
bottom bries every individual brick below the brick flat should be thor- 
oughly burnt, and with good clay and care, there need be no overburning. 
It is obvious that from being able to look down into any part at any time 
gives complete control over the working. 

Any sort of tiles that can be set in the walls can be burnt, and with 
care, there need be no loss whatever, either from over or underburning. 
When forty or fifty furnaces have been closed, the part first fired will be 
ready io unload. The temporary wall may then be taken down. Four 
furnaces eqnal to 8,000 bricks may be burnt, the first time round and 
five the second time, when the kiln is thoroughly dried. The average 
consumption of fuel should not exceed 4,000 cubic feet of mango or 
3,000 cubic feet of babul, per Jakh. For finishing off at the end cf a 
season, & second temporary wall should be put up six inches from the 
end of a chamber, and the chimneys placed over the space so left. They 
must not be left then longer than the usual time for moving them, or 
they will be burnt. They should then be removed as usual, and a short 
chimney run up of bricks—four feet high is sufficient. 

If a certain proportion of second class 1s reyguired the loading may be 
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carried up two bricks higher, taking care to give little more space between 
the five top bricks. This is the maximum height that will burn well and 
economically. 

In putting down the dampers, they simply have to be placed side by 
side, and the key or intermediate piece pushed down. The crack at the 
side should be smeared over with a jittle mud, and also along the top. 

With regard to the apparatus used, the templets shown by Figs. 9 and 
17 will be found most useful, as giving not only the position of the 
bottom course, bul the width of the furnaces, by making a ent on the wall, 
opposite the forward edge, and then moving the hinder edge up to it. 
The chimuey bench is six inches extra. The dampers should have a good 
coat of tar before use, but not the keys. If the latter get rusty and 
are stiff to move, a little oil rnbbed on them will set it to rights. A set 
will last) for years with care. Four middle and two outer sheets with 
five keys are required to form a complete damper for the kiln here shown. 

The chimneys are shown of the utmost possible length which will per- 
mit of there being conveniently moved withont being lowered, and if 
made as in the plan can be moved on a couple of stont bamboos with the 
greatest ease. In making them up a theoretically correct seotion has 
been sacrificed to simplicity of construction, and very little cutting is 
necessary. The four sheets to form the upper length having been rivet- 
ted together, they can easily be bent over to make a big tube and rivet- 
ted. The same with the second length. The short lower length is made 
hy cutting one sheet into four pteces, and actiny as with the others. In 
joining the lengths, the short lower one must always be inserted in the 
next one above it, and if the top edge can be bent in slightly so much 
the better. The object of this is to arrest all the condensed steam, and 
allow it fo run out on to the layer of dry earth or ashes at the foot of 
the chimneys, instead of its dropping on to the green bricks and spoiling 
them, Jt may even be adviseable to rivet a narrow strip inside the lower 
length of chimney to make sure of this. Two or more good coats of 
tar should be given to the chimneys, particularly inside and near the bot- 
tom. Without this the gases from the fuel, and the moisture together, 
will eat’ them away in a surprisingly short time. Before moving they 
should never be allowed to get too hot to bear the hand on for a moment, 
or they will be burnt. The distance will vary with the season, from 8 to 


15 furnaces from the firing. 
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For the width of kilu shown in the drawing two are required. ‘They 
should be protected against the action of the wind by stout bamboo 
struts. The cast-iron caps cau be supplied by Messrs. Burn & Co. of 
Calentta. They will be required for three lines of feedholes with two 
extra. 

An estimate of the cost of a kilu sinilar to the one shown in the 


drawing is here given :— 


HS Aa * Ve 

farthwork 35,000 cuhie feet, at Rs. 1-8, os oe: oe 8 “Q 
Bricklayers dressing off bottom snd sides, ay es ot OOD) 
Set of chimneys and dampers, ss oe 2 110 0 0 
Caps (east-iron), ay ee es aoe ~ ou QQ O 
2 sets of steps of mango wood, oe oe ~~ 6 0 0 
J templet, .. ea a ack sis ane 5 0 0 
Contingencies, oe se we oe » 12 8 O 
Total Rs., « 210 0 0 


It will be seen that the kiln itself costs only Rs. 75-8-0, or less than one- 
sixth of the cost of the most economically coustracted kiln on the old 
plau. It is therefore, without exeeption, the cheapest kiln in existence, 
it is decidedly the sinplest to construct, but even these advantages are 
subordinate to the fact, that owing to the method of working not a breath 
of cold air need ever tonch a brick, which is likely to be damaged by it, 
thus ensuring a very high quality, as regards soundness and the maximum 
of economy, from the utilization of all waste heat. 

J think it necessary to state, thut the kiln itself, and the combinatiou 
resulting from the adaptation of the Hoffinann system of top firmg with 
wood to it, and other parts of my original invention, form the subject of 


separate patents. 
W. B. 
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CHANNEL OF CONSTANT MEAN VELOCITY. 


a ar er Oe a i td Sar aR Gee 


By Cart. ALLAN CunninouamM, R.E., Hony. Fel. of King’s Coll., Lond. 


Ir is proposed to investigate the form of cross-section of a channel of 
given material, which shall have a constant “ mean velocity”, for all depths 
of flow, adopting the results of the latest published experimental research 
on the value of this quantity. 

The real relation of this quantity to the various clements on which it 
depends is unknown: according to the theory proposed by Chézy, it ap- 
pears that— 

Mean velocity c« 
or in symbols U == C.a/ 7*T, where C is constant, .......ceceeseeeesoee(2)s 
And with some hydraulicians, Tis understood to nean—in a long uni- 
form channel—the average slope* of the bed, which is therefore a constant 
at any one place in the same channel. 

Adopting this Result (2), as a sort of first approximation and assigning 
the above meaning to I, it is clear that—in the same channel—the only 
variable in the expression for U is the hydraulic mean depth 7; so that 
if U be constant, r must be constant: in other words. 


“A channel of constant mean velocity for all depths at tho same ee (3) 
must be a channel of constant hydraulic mean depto ”. i 


The argument Icading to the above Result (1) or (2) must be admit- 
ted to be very imperfect, amounting to no more than a plausibility of ite 
truth. The course of experiment has indecd pointed ont unmistakeably 
that the proposed relation is certainly very far from correct. However 


* How far thia agaumption is legitimate is very doubtful: it seome probatle that I should ratiy 
be taken as the “ surface-siope””, which 1s found —by experiment— not to be 8 onstant quantity. 
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experiment has not yet established any laws of fluid of motion whereon 
to base any rational theory, so that no better formula has yet been pro- 
posed by theory. In the absence then of a rationa]l formula, hydrauli- 
cians have been content to accept the abuve result, as a sort of rough 
first approximation and to write as above, 

Ue CL TT ever ecneenenevsrsacavasassecnecenscnene( A), 
wherein however C is not a constant, but itself also a variable depending 
on many elements, the chicf of which is perhaps the physical state of 
roughness (technically ‘‘rugosity ”) of the chamnel. The course of ex- 
periment of late years has been to investigate values of this coefficient 
C, and thence if possible the law of functional dependence. ATL recent 
experiment tends to show that this coefficient must Le oue which in- 
creases with increase of hydraulic mean depth. 

The most important formule that } have been recently proposed are— 


19.—BAZIN’S COLFFICIENT, C = 4 ] =( a ra ) 


wherein a, 8 are numerical se fines depending on the “rngosity of the channel, 
"This is bused on the prolonged experiments of both Darey and Bazin in 1855-60 in 
France on small artificial chaunels not exceeding 2 metres iu width or depth. 

W~- | f 

¢ 

i+ oh 
and a, B, y are constant numerical coefficients, the same for all channels, and fis a 
quantity depending on the “rugosity ? of the chaunel, ‘This is ba-ed on a compari- 
son of all experiments accessible up to the date of publication of the fornia, 
(1870): and js therefore believed to be the best extant. 

Now the qnantities a, 6 in Bazin's coefficient, and fin Nutter’s co- 
efficient depending solely on the ‘Srugosity ” of the channel are clearly 
constant for the same channel.at the same place. 

And assigning the same meaning to 1 as before, (which makes it con- 
stant in the same chanuel at the same place), the only variable in both 
Bazin’s and Kutter’s coefficients is the hydraulic mean depth (7), so that 
in fine the only variable in the expression (4) for U is the hydraulic mean 
depth (r), and the saine [iesult (3) is obtained as before, even with these 


new variable forms of the coefficient C, viz :— 

“ A channel of constant mcan velocity for all depths at the same place, must be a 
channel of constant hydraulic mean depth ”. 

It is easy to see that this remarkable result depends not at all on the 


functional form of the coefficient (C), but on its being a function only of 
BOM 


2°,—KUTTEDR’s COERRICIENT, C a> , where m=: B + % 
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the rugosity, slope, and hydraulic mean depth: hence the above result 
will be equally true for any coefficient (C), involving only these elements. 

The figure of the border of the cross-section of the channel, must 
possess the property of having a constant hydraulic mean depth for all 


tlepths of flow, 1. e. 

Area of cross-section 

~~ Wetted border — 
or expressed in the ordinary mathematical language, 

Area of curve ce length of arc, .....ccscccsseseoeesevene(6), 
coupled with the conditions that— 


1°, The area and are must be comprised between the same limits. 
2°, The curve (of the wetted border), must be continuous between these limits. 


— constant, iaUae eSevasenecevenaeste), 


Now it will be found that there is no eurve which will satisfy ald these 
conditions. - 


The condition (6) is a well known* property of the ‘‘ common catenary,” 
z 


& 
j nos a 
y= (¢ bye" 
and it might be supposed that a pair of equal half-catenaries arranged 
as in figure with a common directrix OZ aud vertices at A, B would satisfy 


= 
Te, M 
OQ 
B o A 


the conditions ; but their gcometric property is, (writing AO =< 6 == OB, 
OM = z, 2M = QM = 7). 
Area AOPM = 8b. are AP; Arca OBQOM = 8. are BQ. 
. Whole area ABQYP = 6. (are AP + BQ). 
whereas the condition that ought to be satisfied is— 
Area ABQP = b. (arc AP 4 AB + BQ),......cccccecssecesseeees (Oa). 
The cross-section obtained is thus inexact to the extent of omitting 
the straight bottom portion AB, from the expression for the wetted border. 
This mathomatical solution moreover happenst to be unique, i.e., 1b 
shows that the catenary is the only curve possessing the property (6); it 


* See Boole’s Differential Equations Chup. XJY., Ex. 2, Art 4. 
This would be recognized at once by any one solving the differential equation which expresaes 
(6). 
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follows, therefore, that there is no curve possessing the required property 
(6a). 

The solution though admitted inexact gives an approximate solution 
in two distinct ways. 

Approximate solution 1°. If the bed-width AB be very small compared 
with the whole length PABQ of wetted border, or which is the same 
thing if the bed-width AB be small compared with the depth OM, the 
solution is approximate. 

In this case z — 4 being a large quantity, the term e eae evanescent, 

z——-b 
and thecurve approximates in form to the “logarithmic curve”, y= 3¢ ? 
so that the ordinates (y), or surface-width PQ increase very rapidly with 
increase of depth. 

This figure is perhaps roughly approximated to in certain natural chan- 
nels in sandy beds; the outline of a sand bank near the water surface 
often assuming the rounded form indicated by the curve above PQ. 

Approzinate solution 2°. Again suppose the bed-width AB to be 
not necessarily small, but consisting of a material opposing much less 
resistance to the current than the material of the banks: in this case 
also the solution will be approximate ; and if the bed-width be also smal} 
compared with the depth, it will be highly approximate. 

No example of this kind is likely to arise in either natural or ordi- 
nary artificial channels. 

Approximate solution 3°, The above consideration suggests yet an- 
other approximate solution with a totally different section. 

Suppose the section rectangular, and of great depth compared with its 

width, z. ¢., of form shown in cut. 

Hero again the effective weticd border is approximately the 
same as the sum of the sides, (neglecting the bed-width): and 
the solution is approximate ; and if the bed be of smooth, and the 
sides of a rough material, will be highly approximate. 

This solution is not one likely to mect any illustration in ordinary 
practice, but it suggests immediately a means of testing directly by ex- 
periment, whether the expression for mean velocity U = C. afr, ought 
really to involve only one variable element, viz., hydraulic mean depth be~ 
sides elements depending on the rugosity, slope, &c., which are constant 
at the same place in the same channel. 
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Thus, ‘f this law be true, then such a channel should be approximately 
one of constant mean velocity for all great depths, and the Discharges 
should therefore be approximately proportional to the depths, It is hardly 
possible to conceive a verification more simple in application, if the ex- 
periment itself be feasible. Unfortunately the experiment would cer- 
tainly be very expensive if done on an adequate scale. 


[Previous investigations. This question has already been investigated in Paper 
No. CLXAL, Vol. IV., of these Professional Papers by Mr. F. EF, Rose, who gave the 
figure of the pair of catcnarics as the solution: the inexactness of this solution was 
poiuted out in Paper No. CLAXEX., by Mr. FE. Gramatzky ; the approximate forms 
of the solution wero pointed out by the present writer in a “ Note ” at end of Mr. 
Gramatzky’s Paper. But in all these previous attempts © was assumed constant. 
in the present Paper this unnecessary restriction is removed, and the values of C 
based on all the latest experimental data have been adopted]. 


A. C. 
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Giving different values to x (the gradient of the line) from 0 or dead 
level up to 1 in 4 in per thousands, we obtain the different train weights 
drawn by the locomotive. These are graphically represented on Plate 
ITX., where the gradients are the abscisse and the train weights the or- 
dinates, the locomotive weights buing below and the train weights above 
the horizontal axis A, A. Plate TX. also shows, for the sake of compari- 
son, in a similar way the performances of a tender locomotive on the 
Engerth system as used on the Semmering, and those of a tender loco- 
motive on the Uetliberg. 

The Semmering Line has curves of 590 feet radius, and the trains on it 
travel at the rate of 103 miles an hour on a gradient of lin 40. Their 
locomotives have a total weight of G6 tons, of which 194 tons fall on the 
two axles of the tender; hence the adhesion weight is 464 tons. The 
drawing power of an ordinary locomotive is found by multiplying the 
adhesion weight into the coefficient of friction which is on an average 3th, 
and in favourable circumstances }. The Semnering locomotive hence 
gives a drawing power of from = = 6°65 tons to = 93tons. As 
before, 

G65 or 93 6G50 or 900 


‘ 
Ga: an 7 eeeraen MEET TSS) 1-2 
Inserting the values x from 0 up to 1 in 4 in per thousands, we obtain 
the performances on these differcut gradients. Vlese are shown on Plate 
LX. in yellow aud brown lines. 
Kiach of the Uetlibere locomotives, with 3 coupled axles, weigh 25 


a 


o~ Or 
ot 


tons, al] available for adhesion. ence > == 3-57 tons, and 


~ 


— ' tons. 


o| 


The train speed on curves of 590 feet radius is 122 miles. 


Dei ted ~ oun LP 
oe or ho AO oo70 or 5000 
HenceeGom--- pi. ee eS Voile 


Substituting as before the different values of 2, we obtain the blue and 
red curves in Plate IX, 

Hence we observe from Plate IX. that on a gradient of 1 in 25 the 
Semmering locomotive (yellow line) is only just able to drag itself along, 
and on steeper grades it cannot even do that. 

On Plate 1X. by marking off the ordinates ou the right hand vertical 
line, aud from it towards the left hand marking the abscisse on the 
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upper horizontal line the gradients increasing from right to left, we obtain 
curves showing the ratio of the weights drawn to the weights of the lo- 
comotive, the quotient of the former divided by the latter being shown 
by the coloured curves. 

Some of the results of the readings of the curves from Plate IX. may 
be shown in the following Table :— 





























Meigs TocomnL ve. © Is Sedsommives | Auaesmionies 
Train tons exclusive of luconotive. | Continuously. | sr depen aele 
50 lin 138 lin 14 lin 18 
100 lin 23 lin 22 | lin B43 
200 tin 60 lin 40 lin 9] 
300 lin 83 | Lin 70 Lin 250 
Train weights in terms of 2 weights of the : 
locumotive, 
Once its own weight, ws lin 6 lin 16} Tin 114 
Five times its own weight, as Lin 203 lin 80 lin 50 
Ten times its own weight, os | lin 42 | lin340 | Jin 148 
Twenty times its own weiglit, ee 1 in 100 | nowhere nowhere 
Thirty times its own weight, os 1 in 250 | nowhere nowhere 


j 





A cog-wheel locomotive at Wasscralfingen on a metre gauge weighs 11 
tons, and on a gradieut of 1 in 12}? draws a train weighing 28 tons, or 
2% times its own weight; whereas an Uetliberg locomotive weighing 25 
tons on 1 in 14} can only draw a train of its own weight. 

WEaR OF TEETH AND DURATION OF RACK-RAIL.—The results obtained 
from fourteen cog-wheel locomotives show that in a locomotive giving a 
tooth pressure of 6 tons, the average wear on the teeth is— 

00000003761 of an inch at every touch. 

The wheel-circumference is 104 feet and the maximum allowable wear 
-2358 of an inch, which wear will be reached after the locomotive has 
run 
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EARTHWORK ESTIMATES. 


La ee Ok em ees 





By Mayor A. M. Branpretn, R.E., Off. Principal, Thomason C. BE. 
College, Roorkee. 


My only excuse for entering the following Memo. on Earthwork, which 
was written as a text-book for the College Students, in the “ Professional 
Papers” is, that the second place of decimals is a kind of red rag to me, 
and I would fain hope that any one who uses it. will read my arguments 
and become convinced, and save himself and others under and over him 
much labour by omitting it. With regard to the Prismoidal formula I 
may say the same, ouly I do not believe that is extensively used. My Top 
Lift suggestion, para. 32, is such an obvious improvement that T cannot 
believe it is mine; and finally, L wish to ask consideration for Students 
who join the Department as young hands when found using these apparently 
rough methods as they have been taught. The Slope Table (Sheet 1V.) 
is a handy thing, and can be had at College Book Depdt, Price 0-2-0. 
The colours are only intended tu keep the eye to the right column belong - 
ing to the particular estimate in hand; and so with many apologies, and 
no desire to teach those who have thought the matter out, I venture to 
start my proposals. 


Memo. on Estimates ror Eartruwors. 


1. The elaborate form for earthwork (see Sheet. VI.) given in our 
Estimating Manual, and also the treatment of the subject in the Roorkee 
Treatise, Vol. I., Section II., Chapter VIII, are not the practical waya 
of working out Estimates. Part of the following is mcluded in my pre- 
vious Note on the Estimating Course, but. I had not then time to work 
this subject out fully. Even ‘on the works” much unnecessary labour 
is gone through in Earthwork Surveys and Estimates, because men have 
got into a groove and do not think whether or no it is the easiest one to 
runin. Earthwork varies so in circumstances that affect its shape that 
explanations to embrace even the typical varieties must be somewhat 
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lengthy, but I hope the following will be found simple and easy if taken, 
as intended, step by step. 

2. The general principles are the same as for any other estimates, 
the estimate should be practically aecurate, and should show all the detail 
that can ever be required, and it should be done in the simplest form, so 
that if possible all the work may be done by a clerk or other uninstructed 
estimator. I have never found any difficulty in getting complete detailed 
estimates made into my forms froin the plan sections, or indeed field-book, 
by the office baboo. 

3. By practically accnrate, I mean accurate enough for all practical 
purposes, 7.¢., measurement and payment for work done. It should be 
remembered to start with— firstly, that earthwork is measured by the thou- 
sand cubic feet, and that the rate per thousand is a smail sum, Ra. 1-8 te 
Re. 3 say, and therefore a difference of a few hundred feet, or even thou- 
sand feet, in a large estimate, is not of great importance ; secondly, in all 
estimates however close the measurements are taken, in the estimate it 
must always eventually be considered that the lines and planes joining the 
points measured on the surface of the ground are straight, while it is 
evident (see vg. 1, Sheet J.) that the natural surface must go in curves. 
(Fig. 1 is a real extract from the survey this year picked ont by chance, 
the curve is of course ouly drawn as near as I could imagine the natural 
one to be,) therefore here there must always be an unavoidable difference 
from the actual quantities ; and thirdly, that the measurements in laying 
out and measuring up the work must differ from the actuals considerably, 
and therefore all these three heads show it is waste ef labour to attempt 
to estimate with minute accuracy, if it does really involve any labour, 
about which I can assure you, from painful experience, there is no manner 
of doubt whatever. It should also be remembered that you have to satisfy 
contractors and workmen with your measurements, and they prefer simple 
ones that they can understand, but of course it is always well to get as 
near the real thing as we can without going to unreasonable trouble. 
The chance of arithmetical error and the necessity of arithmetical check 
are also strong arguments in favour of very simple estimates. 

4, First then to take earthwork estimates in the Plains where the crosa 
slope is not taken into account. All that the survey gives, or need give, 
is the centre line of levels at even distances. It will be seen afterwards 
what trouble is given by having the readings ut all sorts of intervala, and 

314 


KARTHWORK ESTIMATES. 3 


it is very seldom worth while to attend to the figure of the ground along 
the centre line in this way, readings at even distances give quite accurate 
enough results. If there is a sudden rise or fall which really must be 
noticed the readings to its corners should be made intermediate ones at 
the correct. distances, but the next forward staff should go all the same to 
the even distance, so as to keep the complete distance to any peg always 
that number of station times the even distance, 7. ¢., where J is the even 
distance, station 7 is nl from starting point. The importance of this is 
evident when it is remembered that the Rh. L. of the canal bed or road 
surface as the case may be has to be estimated at each station by the slope 
from the first, and this is a great worry and moreover difficult te check 
when the distances vary. 

&. The difference then between the R. L. of the natural and artificial 
surface, either cutting or bank is taken out for each peg or station down 
the centre line at over distances from 100 feet for very detailed estimates, 
to 500 or 1,000 fect for rough preliminary ones, and the first question 
that arises is, what should that distance be? Fora final estimate for road 
or canal 16 should generally be 100 feet as the work is given out to con- 
tractors, and paid for, in 100 feet lengths in most cases, but for trial or 
preliminary estimates a vast deal of labour may be saved in all ordinary 
country by using as long distances as the level will read to. To show 
this, I mention, that I took an estimate for a large canal over 100 feet 
bottom and 40 miles long worked ont to 100 fect distances, and with 
readings to two places of decimals, and made a rough one of the same 
using the readings at 1,000 feet apart taken to the nearest half foot. 
The difference between the two was 1°6 percent. No doubt 1:6 per cent. 
is a good deal on a large quantity, but the question is, is any detailed 
estimate within 1-6 per cent. of the final payments, or again within 1°6 
per cent. of the actual gnantity, both which may be very safely answered 
in the negative. Any one car test this for himself by treating any dctailed 
estimate as above. The saving in labour in the field and office is great, 
and therefore it should be noted that great attempt at accuracy by frequent 
readings is waste of time except for final estimates. 

6. The next point is the accuracy required in the readings, and here 
I would put im a word of warning to young levellers, that mistakes do not 
occur in the reading of the hundredths but in the feet and tenths. I see 
beginners tead off 5-6 or 4:2, or whatever it may be at a glance, carelessly 
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in fact, and then spend minutes screwing their eyes to read the 100th 
division to a half of itself, while all the time the error is a foot or a 
tenth. The golden rules are to work at even distance each side of your 
level for back and fore shots, to use the legs to level the instrument and 
the foot screws as tangent screws only, and to take care uf the feet and 
tenths first. However this is aside, the question is the accuracy neces- 
sary in estimates. We must have the second place of decimals in the 
field-book, for bench-marks, and also for the back and fore sights, as the 
error of only using one place though small may accumulate, but we may 
at once decide never even to read an intermediate shot closer than the 
nearest tenth. And here nothing its saved to your eyes if you will, as 
1 have seen, read to the second place and then enter to nearest first—read 
boldly to nearest tenth at once—if the wire is so near the middle that you 
cannot decide at once whether to read up or down, be sure it does not 
matter which you do. 

7. In making up the book the intermediate shots may be called 3-40, 
7°30, &e., and the R. L. worked ont as usual to two places, which is per- 
haps the simplest way (sce Centre Example, Sheet II.); but whatever 
method is used, the R. Ls. when taken out of the book on to the plan or 
elsewhere, should always invariably be only taken to the neurest tenth. The 
field-book may be, if it is desired to have the lt. Ls. only to tenths at once, 
made up thus (see Third Example, Sheet T1.)—Add back and fore sights 
and find difference, 0-56, add this to 5°51 the R. L. at top of page making 
6:07, which is of course the last R. L. in the page and ready to carry over 
fo next page, and correct to second place so that uo error can accumulate. 
Then treat all your readings as of one place only, and take out rises and 
falls to one place, and make up R. Ls, all down page to one place only, 
nsing 5°5 to start from. It is a mere trick gained in a day’s practice to 
use 5:07 as 5-1, and 1°67 as 1°7, &c., vide Example of the Three Plans. 

8. The middle plan is perhaps the best, as the errors in a page may 
accumulate to about 0-2 by the last method. This cannot carry on of 
course, but certain pegs may be recorded 0-2 higher or lower than they 
are. I only note the plan as suitable for trial levels. It will of course 
be observed that any error even in reading an intermediate staff does 
not in any way affect the accuracy of any but that one point—~and a cau- 
tion may be given, that fore and back and intermediate shots should be in 
three separate columns always, as the convenience of working is evident. 
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9. The only points then entered on a plan with two places of decimals 
will be the B. Ms., and in estimates the second place will never appear. 
The saving to the eyes in the field, and in entries in the field-book and on 
plans, both in labour and clearness is evident at a glance, and is really « 
valuable quantity on both beads—the question is, 1s anything lost by it ? 
Ail we lose is the accuracy in the R. UL. of the actual points on which the 
etaff was put, ¢.¢., we may enter any point 0-1 higher or lower above the 
sea level than it really is. In the first place, the point is not a reality, 
as the staff is put on a peg and the cooly with the head of his phdora 
driving it treats the 100ths rather inconsiderately ; and in the second place 
that exact level can never be found again when you come to Jay the work 
down; while lastly, you never measure the work or even give the con- 
tractor orders to dig or bank to nearer than the 10ths. Yet it is a fact 
that to this day hundreds of estimates are yearly worked out to two places, 
and plans smothered in extra rows of figures. IL hope then the Roorkee 
Students will insert the small cnd of the wedge by getting into the habit 
of confining their second places to their ficld-books entirely, and to the 
back and fore sights and DB. Ms. in these. 

10, In taking out the bed or surface slope, say the R. L. at starting 
station is say 7°2 and the slope is 1 in 56000. Then for 100 feet lengths 
the drop is ‘02, but we do not nse this, we take -1 off every fifth 100, as 
below—we cannot dig closer than this, try ever so hard, so why calculate. 
In case tho slope is not an even one like this, but say 1 in 5700, I always 
work out a 1 foot to the correet decimal and then change them into the 
nearest one place, and use that order of intervals at which to subtract 0-1 
all along thus :-— 











1 im 5000. | 2 in 3700. 
0 0 | bers O | O00 0 Pa 
1 OO; 72) 44-087 | ol 72 P16 1-482 1-O 168 Pal t-as7 to fed 
2 oO) 72) 25-054) Of] T2017 1-459 1-0 768 Poe 1-664 | 0 164 
3 g ‘oO | 7 : 081 | ‘Of T27T 18 }-486 10168 £88 | -89F | 8 168 
Ale | Oo; 72d 4):108 1 2) TL Pre tog to 167 psd | 918 {0 168 
Bi)S chi PL 6 135 | ‘O} Td PLO 1-540 7-0 1 67 E85 1-945 | +O 168 
61° 7-0) 71 Gide | -Ol tr fer [567 | 016-7 7 36 1-972 | 0 163 
Tig] oy 7 Tict8O | 2) TOP 22 | HOLT 1E°6 1 37 [999 [LO 16-2 
Sie 1 O01 TIE 81-216 | O07; 70) 23 1-621 1-0 166 
914 {| O] TIE 91-8481 01 707 24 1-648 1-0 166 
Wil o 1 Bl TOPO | -270 + -Of 7047 25 1-675 1-0 166 | Level spaces of 400 
AW} & | Ol TOF 11 | -297 |} 8] GO] L6 | -702 | -7 | 6-6 Jor 800 feet, then drop 
12) A | 8} 704] 12 | B24} 0 | GO | 27 | -729 | -0 1 6-5 off 0-1 in fixed order 
13 Ki FOOT IB | -BSl ‘0 | 69 | 28 |-°756 1-0 16-5 fof occurrence in cach 
14. O} 70714 }-378 } -0 | 68 | 29 |-783 [-0 16-5 138700, 
15 31 691035 (-405 | -4{ && | 30 [B10 1 °S (ot 
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11. One other delusion should be swept away, that is the number of 
readings required in the cross sections of line at each station. 1 have 
known a canal 200 feet bottom, for which a breadth of 350 feet was 
crossed by sections, every 50 feet with readings at 50 feet intervals on 
each, and the mean of these 7 readings was taken as the reading at each 
50 feet; I doubt if there is much ground in the Plains where this labour 
would repay one. If the ground was level but uneven the mean might 
give a nearer result; but if, as is more likely, there was across slope, in the 
first place the centre reading was probably the mean of the seven, so the 
labour was wasted, and in the second place it would not give a correct 
result as I shall show when I speak about estimates in really sloping 
ground presently. 

12. Tiere was an instance of the idea that a number of figures mnat 
mean aceuracy. The principle I wish to get you to realise is, be accurate 
by all means but do not fancy that a number of figures always means an ac- 
curate result; or again that the accuracy gained by the number of figures 
is in amount worth the labour and extra chance of error involved. 

13. For the present, remember we have got to the fact that we have 
from our plan or field-book the height of bank or depth of cutting D 
1--asured to tenths at each station, and that the stations are / apart, 
which / is always an even hundred fect at all events. 

14. The content of the earthwork between any two stations, i. ¢., for 
length / is the whole estimate, as this repeated makes up the whole line. 

15. The usual practical way of obtaining the content is to take the 


> : ; 
mean of the two depths, t.¢., enced > say d, and finding the cross sec- 


tion at this depth multiply it by 7. Thus content = / (Bd + sd’) where 
Bd is the central part and sd? the two side slope triangles (see Fig. IL., 
Sheet I.) 

16. This is quite correct for the centre portion, t.¢., as far as the Bd 
or larger part is concerned, but of course for the sides the correct quantity 
would be given by the Prismoidaul formula 

ls P D- D',? Ls ‘ ‘ 
= {D+ DD + 4(——-) } Ory (D? “+ D? + DD‘). 
Instead of this the simpler form ls (-t2)’ is used, and the difference 


is therefore-—less quantity— = (D — D’)?. Some men still a the Pris- 


moidal formula, and it is given in our College Example of Estimating, 
and on our principles if this is a material difference the more complicated 
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formula should be used, but we are equally bound to see first whether it 
is worth the extra labour and chance of error in calculation. Let / be 


100 feet, s = 1:5. Now if D ~ D’ is 0-5 feet then aad (D— D')? = 3 


cubic feet, and 3 feet per 190 feet length of canal or road is say 150 feet 
a mile, a quantity at ordinary carthwork rates of Rs. 2 or 3 per 1000 feet, 
certainly not worth any labour at all. The difference assumed, 0°5, is a 
very fair average for 100 feet lengths, but the quantity varies as square 
of difference, so if D — D’ was even 2 feet, which is absurd as an average, 
the quantity per mile would only be 16 times 150 feet, or 2,400 feet, which 
is really of no consequence in a mile, while the extra labour of using the 
Prismoidal formula is enormous. 

17. It will not run into any form while the simpler formula so easily 
does (vide Sheet I]}., Form 1.) The estimate comes out in shape Ba + sd’, 
and therefore we make the orm with columns to fit, ‘The actual depths 
Dp, v, &c,, are entered off the plan to left opposite the number of station, 
(and here note that this and each suceceding step can be done by any clerk,) 
the means of each pair of D and DL’ or the values of d are run out into 
next column, then column [sd for centre filled in, and when that 7s done 
jor a page column sd’ for side slopes is filled in, and then the two are 
added for whole area into next column and then multiplied by / into final 
column of content; of course if 2 is 100, one of these columns can be dis- 
pensed with. Now not an unnecessary figure has been put down and every 
figure is recorded. A second man can check the work without using 
another sheet of paper even. This is a great point to note in all calcula- 
tions, that no scraps of paper should be used and thrown away, only do 
the necessary figures and have a regular place for all so that all work done 
is recorded for check, it saves labour both first and last. I have gone into 
detail over this simple thing because it contains the principle of the whole, 
t. €., work out) your estimate into an algebraic shape that can be done in 
easy steps, and fit your forms to that shape. 

18. Naturally the question arises, but are there not earthwork tables 
which will give the area of the section or the content for all values of d@, 
The reply is—there can be no cumplete ones. B varies for each case and s 
also varies, and therefore the number of tables for a complete section would 
have to be infinite. We can however ass has not many usual values, have 
tables fox sd?, for s == 1,922 15,8 = 2,5 =: 2-5, s = 3, &e., and for any 
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long estimate the easiest way is to make a table of values of Bd for all 
expected values of @ and then fill in column Bd from that, The easiest 
way to do that is to enter the values of d as in Table IT. (see Sheet IIL.) 
between the expected limits, and having worked out the value Bd for the 
first entry, write 0-1 times B on the lower edge of a slip of paper, place 
it above the first entry add for the second, move the slip down one line to 
over the second and add for third, &c., checking at every foot. I mention 
this little plan merely as an example, now there is a better way of doing 
everything. Try the difference of any other plan, even adding the same 
put on the top edge of a bitof paper. Having got Table LI., values of Bad, 
and also Table I., valucs of sd”, it will strike you, if you have a long esti- 
mate that your best way instead of filling in Form I. for the whole catimate 
will be to make a table in that furm for oll your expected values of d once, 
and then in your long estimate you can use a new form, or the same, 
omitting columns Bd and sd*, and area, and {ill in total content, at once ; 
but here you want Form I. to make the table of contents for each value of 
d,t.e., you will find using Form. I. the easiest way yon can do it. 

19, Now sd’ tables would be so useful generally that 1 have decided to 
print them, and have worked out a set for Ui to 20-0 for five slopes, 7. e., 
0-5, 1, 1-5, 2 and 3 to 1, correct to two places decimals, but on filling in 
Form [. as a specimen as shown in upper half herewith, it is evident 
that about one quarter the labour of addition was caused by the last two 
figures, and I therefore tried what difference it would make to omit 
them, z.¢., make the tables to the nearest whole number. The result is 
given in lower half of sheet. The difference 1s 50 cubic feet in 500 feet 
Jength of canal, a quite immaterial quantity, and the saving of labour by 
estimating in whole hundred fect in this way is evident, This is only s 
short example, but it will be secn that the greatest error possible in any 
one length is where 0°5 is male 1-0, ¢.¢., 100 or 2 times this, and therefore 
the amount of error we have in five stations may occur in one. In the 
first station the error is 38 feet, in first two it is 32, in first three it is 18, 
in first four itis 36 again. Sometimes in excess sometimes the other way, 
but very unlikely to accumulate all one way, and therefore on no grounds 
does it seem worth taking In these two figures. Therefore the tablea I have 
made out (Sheet 1V., Table [.} are for 100 cubic feet, and it only requires a 
little struggle to give up these fancied accuracies. Now there has not been 
a step hitherto that any clerk could not do, and though much more extended | 
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forms aro necessary for more complicated sections of work, the parts of cach 
are just as simple, it is only the number of columus that is extended. 

20. T give another example (Sheet V.), a portion of the Lucknow and 
Fyzabad road, which forms Lixample 19 of our Kistimating Manual, as I 
wish to contrast the labour and the results in the plan of estimate there 
adopted and the onc I recommend. First notice that at station 85 there 
are two readings, z.¢., a sudden drop at the station, and the means are of 
course that of the reading at 62 and 0%, and that of 0-7 and the reading 
at 34. Next, in cases ax at station 40 and 41, where d is positive at one 
end of alength ¢ and negative at the other, 7 ¢., if the bed euts ground sur- 
face between two stations, (scc dotted Example, £77. 1. Sheet LL) The 
only thing needed is to make two leugths of the one 100 with a reading 
of 0:0 at the junction and use the correct Jength of each. It can be done 
in smaller figures in the same Jine so as to keep the same even number of 
stations In each page, as should be arranged for all large cstimates, half 
a mile, or so many thousand feet in cach page. The following method is 
often useful :— 

If pis the positive reading and » the negative, then the length of the 





/ : 
part of dU nearest p will be 7? OF im case 


as l “ » ‘ER 1 4 a 
G met and the other piece ; 


5 


40 and ae Orage se = and — a “ap about TO and 30 feet. In Example 19, 


50 fect has been taken for each, and | have adhered to this to allow of 
comparison of my estimate with the other. 

21. The great differenee is in stations 38 and 59 and in the last four 
stations which, in Ixample 19, are Ininped, ce, 32,874 and 22,996 
avainst 33,300 and 24,500 as given by my method, but if these stations 
are worked out seperate in the same way and form ag the rest of the 
estimate, (see Sheet V1., Form Y.,)it will be seen that the correct results 
are 33,208 and 24,268, so Tam actually nearer than the example. The 
labour of estimating in the two forms will not bear comparison, To begin 
on Form Y. it is necessary to work out a Table of Sections, and this cannot 
bo done in an casier way than by doing my whole estimate, and yet after 
this there ig all the labour shown in Form Y. all for nothing at all, to 
produce exactly the same result, to all real intents and purposes. 

22. Note that”though two places of decimals were used in all the 
entries and means of depths at considcrable Jabour the next. moment 
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they had to be abandoned, as the Table of Sections is only made to tenths. 
In hundredths it would have been quite too voluminous. Note also that 
centre column of areas is not plain extract from the Table it is four times 
the extract—and last colamn is one-sixth of the total of three previous 
columns. I have shown this for one line in Form Y., if not recorded 
it would all have to be done again if the estimate has to be checked. 
Note too the extra labour caused by the decimals in the Table, 2. e., eom- 
pare the work done in stations 56 to 60 in Form Y., and in my estimate, 
even supposing the Tablo for that particular section was ready to hand, 
which is absurd. It is all absurd—not real—and though you inay think 
that in stations 56 to 60 there is not much difference after all, wait til 
you have worked out a lony estimate. 

23. To return to our forms let us take a more difficult section than 
the first, say a canal with a fixed bottom width B, side slopes s to 1, and 
banks of breadth together equal T at top and height A ahove the bed, 
to be made whenever the depth of the excavation is less then &. | This 2 is 
fixed of course a certain height, 2 or 5 feet say above the full supply devel. 
Here we may have all cutting or all bank or some of both, (aide biys. 3, 4 
and 5, Sheet £.,) and there may be too much earth excavated which has to 
be disposed in sport Gans, or there may be too little for the banks so 
that the extra quantity has tu be obtained from aide tanks, and as these 
spoil banks and side tanks have to be arranged for, the estimate must 
give ns all detail in quantity, not merely the total quantity of earth- 
work, It must do this if it is a detailed or tinal estimate. If it is only 
an approximate estimate, and we only want the total quantily, the plan is in 
each length to calculate evher the excavated channel or the made banks 
according to which is greater. Thus, if for any sized canal we find by a 
few trials the depth of excavation which jost gives enough earth for the 
banks, and cal] this depth ¢, then whenever the depth is greater than e, 
we calculate the exeavation ouly, and wherever it is less than e, we caleu- 
late the made banks only. 

24. For a section of this detail the general Algebraic form to inelude 
all these cases, is 

Excavated channel, we wee Ded + sd? as before, 
Banks, 0.0 wee pee eee nee L(A ~ ) + 28 (A — dS. 
The second expression for the banks is merely two of the other, as it 
were. The sections are exactly the same only upside down, and of height 
B22 
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ot depth (4 —d). The form then will be as Form I1., Sheet VIL, to ac- 
wmnodate the above expression, and to fill in is just as simple as Form L., 
only takes alittle longer. Ihave omitted the column for multiplying by J 
given in Form I. in this and Form ILI, as dis always 100 and so the 
column is not neeled. It can be added of course if another length is used. 

25. An example of ten stations is given showing all the cascs that 
ean occur. The first three columins as before cive us the values of d. The 
next step is to fill in column H, or h — d, omitting entries when d@ is greater 
than # or A — d ig negative, in this case there will evideutly be no bank 
so no calculations are made, Similarly, when d is negative there should 
be no calculations of channel! as then there is evidently uo actual excavated 
channel. Ltrs necessary to enter the negative values of d@ to obtam hk ~ d, 
which in this, z¢., the third case ix the sum of / and d. 

26, Columns and M, Spoil and Tank, are evidently the difference of 
column D and K according to which is creater, while colunin M, Total 
Excavation, is the entry in either column J) or Ko aceording to which is 
preater, 

27. ach eolunm can be filled in by any clerk, and Tables made for 
them in just the same way as before. Always voting to work one column 
at atime, down the paper not across, 2 ¢., all entries of one sort at onee, 
then another sort, and soon. Rach step is nevessary, each can be checked, 
fu this forma it will be observed that the filling between bauks when bed 
is above ground is not provided for, oo, the tnauzle HUMP, or as it 
would usually be a trapezuid, (ee £iy. o, Sheet 1.) Up to the hmiting 


» 


i3 ; . 
» > a gnite impossible case, the 
e 


a 


case here shown where d is a large as 


areca would simply be Bal — sd?, and might be entered if desired in small 
figures, or with a negative sign to distinguish it from channel cxeavation, 
in columns Band C, Form }i., and the difference taken into BK. There 
would be no other entries in P aud C, as dé is negative im this case. 

28. If we are making a rongh estimate using e we fill in either channel 
or banks, and take on into total leaving other columns blank. In this 
example, ¢ == 3:4, so in the first 8 cutries cxcavation only would be cal- 
culated and in the last three the banks only. 

29. To go one step farther and take a more complicated case of section, 
subtituting Fig. 6 for Fig. 3, or arranging to dig out tow-paths or roads 
of width R at the fixed height 4 when d exceed: 4. Then Form IU, Sheet 
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VHI., which is only an increase of a column or two on Form [. gives 
everything. The detail about top and bottom lift is a new item to be 
explained presently. Here the expressions for the three cases possible for 
the section as in the figures are— 

Centre channel, ... ... ... Bd -+ sd? 

Tow-paths, ... ... ... «. R(d—h) 

Banks, ... 0... ee eee vee T (h— d) + 28 (h — ey? 
and the form as before is only so many separate columns. If the same 
rule as before is followed, te, make no calculations in that particular 
column when d, or d —h, or h—d in the heading is negative, all will 
come out right. It is just as before for centre and banks, and if in tow- 
paths (d — A) is negative there are none as d is less than h, ¢.¢, it is 
either fvy. 2 or 38. The columns A to K. are filled in as before one at a 
time, then spoil is column D and F less column 4, or rather itis D + F 
or D — K, as there can be no entry in F and K in the same line, t.e¢., in 
the same 100 feet length of canal. If K is greater than D this is the 
excavation from tanks neeessary to complete banks and goes in column M ; 
and lastly, the total is given in N, by D+F -+M, or rather D+ F or 
D+ M, as F-+ M do not occur in the same line. 

30. The same remarks apply as before—there is no labour wasted. 
Every figure put down here would have to be put down, and any clerk can 
do each line in succession; if he is very slow, explain one at a time and 
Jet him do it first, and then ask how he shall fill in the next column. If 
less detail is needed columns may be omitted as shown in case of Form II, 
We can work with e¢ here also. 

31. Any other form of section would be arranged in the same way, the 
Form would be arranged to suit the algebraic expression for the section. 
For a Jong estimate this should be done in the form of a table for all likely 
depths by tenths in order, first, and then the actnal estimate filled in to a form 
with one column for d and another for cuntent or such details of content 

‘as are wanted, from this table. 

32. Lastly, there arc the columns at the end of Form TIL, called Top 
and Bottom Lift, which I believe to be a novelty and well worth introduction 
for working estimates and payments. Work is always or often done and 
paid for roughly in lifts, of a certain depth, thus 16-5 deep excavation would 
perhaps be in five lifts of 3 fect each, and an odd one of 1-5 feet. My idea 
isto have the odd lift first and then the regular 3 fect ones to the bottom. 
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The result of the change on the usual reverse practice of having even lifts 
from the top and the odd one to finish up with is, that the lifts, numbered 
from the bottom, arc the same content and work, everywhere as long as the 
bottom width is the same, instcad of varying with the depth of excavation. 
Thus if the bottom width is 112 feet, side slopes 1-5 to 1, the first lift is 
112 x 3+ 1:5 x 3? = 550 feet, and each lift above this is 2 x 3? or 
18 feet additional. If the depth is 11-3 there is first one of 2°3 feet then 
three, #.¢., Nos. 3,2 and]. If itis 16-7 there is first one of 1-7, then Nos. 
5, 4, 8, 2, l—same nombers have same content all down the line. The 
saving in check measurements and avoidance of confusion would be really 
very great. The sums to be paid for cach lift would be household words 
and no reference to books, Gc., would be needed. Asa rule, the first odd 
litt would be kept in hand, not paid for till the end, so that the payments 
would be just for the lift according to its number, and there would be but 
a few different sums to pay, as ten hfts means deep digging. The final 
payment would be for the whole section less what had been paid for lifts. 
Lf itis desired to pay the first lift it is only the difference between the 
total section and so many lifts, which could very soon be run ont for miles 
of line. The printed forms for some Canalis contain colunms for 
this, but they are a business to fill in as they begin the even depth 
from the top. I have pat similar columns in Form IIT. Column O ig 
just the number of lifts, z. e., the times 3, or whatever the lift depth is, gocs 
into d. Column P is content of this number of lifts, filled in from a 
scrap of a table containing content Ist lift, content Ist two lifts, Ist three, 
&c., and colhimn Q is just the difference between this and column D, 
when there ig no entry in F, and column N when there is any. The Table 
of Lifts will include the tow-path. But as I said before, I should not put 
these in, but keep the top lift in hand and pay only the regular even 
lifts. 

33. In Hill Road making, sod possibly in some other cases, it is neces- 
gary to take the cross slope into account. Let us first consider the cross 
slope as a straight line (see Fig.7, Sheet I.) The data given by the survey 
at each peg on the centre line of the road would be the height or depth of 
road surface from the peg, or CH, and the cross slope of the ground, either by 
two levels or by angle. We waut to find out the area of cutting and bank 
at the station and also the measurements to the points CB and CB’. n 
the sloping ground. The only satisfactory way tv do this is to draw a 
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goud diagram and measure on it, calculation is very laborious and a mis- 
take as the data even aro not really exactly accurate, and therefore the 
moasurements from diagrain are just as likely to be right as calculations. 
But for a long read with many sections a numbcr of diagrams is 3 con- 
siderable Jabonr and a very cumbrons record, and I should therefore 
adopt a plan as shown in Sheet VIIL, Fags. 1 and 2 and Form LV. 

34. The section of road with indefinite slopes is drawn out in Fry. 1, 
and scales marked on it, those on the slopes are the vertical heights and 
depth carried across, bat double the scale so as to read half the real height. 
Fig, 2, which must be drawn on tracing cloth, is the ground surface. 
The centre dot is adjusted over the correct cutting or bank on the centre 
line, (Fig. 1,) and to the correct slope also by the angle lines for the pur- 
pose, or by another reading of height above road at the half width adjust- 
ed by the scale at this point, and all dunensions needed, and alsu the 
base and half vertivals of the triangles of cutting and bank can be read 
off into Form TV. at once. This needs no explanation, except that the 
arrangement here is, that if there is more than the breadth of ruad in 
either cutting or bank it is taken out level to hill side—see figures in 
corner of Sheet VILL. of lixtreme Sections. Form LV. makes a convent- 
ent record of the work, and in this the detail of any length of road could 
be carried in the pocket. 

35. For the Mstimate orm LV. gives the areas of the sections. Now, 
let a and a’ be the areas at the ends of a length ¢ and m, the section at 
the middle point—not the real section, but supposing « and a’ connected 
by straight lines—then for the content of the prismoid we may either 


take roughly 2. sa “, orcorrectly 2.” ae pote 


' ¢ 
an 2m . . a 
Lore. ~~ -, and as if seems that this may be an appreciable amount, 1 


The difference ig 


have drawn ont Form IV. to work the correct formula. Thus the entries 
of d and cross slope at the numbered stations are the actual Field-book 
measurements, and give a and a’, and the nnnumbered lines contain the en- 
tries for means which will give m. ‘The working is plain from the example 
given. In the first length a + @’ is 156 + 126 = 282, and 2 mis 2 x 142 


v= 284, so that the error in using <f- wonld be 100 x 4, or 70 cubic feet. | 


Ip» the next station, it will be 40 x “3 and 60 x a with different signs, 
or about 13 cubic feet; in the third, it is 2,300, an appreciable quantity as 
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this is an extreme case, Bunt the above shows that the differences may be 
considerable, and therefore the Prismoidal should be used, It may be ob- 
served the arcas at the actually measured stations may be entered in the 
“ detail” column at once. There is no need to enter them twice. 

56. In Hill Roads, or indeed any section where the ground surface 
cannot be taken as a straight line, quite another arrangement is necessary, 
bnt here the utmost detail of measurement that could be justified, wonld 
be readings on each cross section line at even horizontal distances from 
the centre, to both sides (see Shect IX.) The extra accenracy of cach see- 
tion gained by readings to the special angular point on cach cross section 
at uneven distances, such as P, P in figure, would be quite swallowed by 
the inaccuracy of the necessary supposition that these corners of any two 
adjacent sections are joined by straight lines. For the same reasons, it 
would be entire waste to use the Prismoidal im a case like this, and all 
that can be hoped for in this case is a fair average result, and the point 
is to arrange that the caleulation shall be possible. 

37. 1 never had to estimate to this exactness, but if I had 1 should 
adopt sume such form as No.5, Sbhect IN. commencing with my Field-book. 
It appeurs as simple a one as will record and work out all the information 
required, IT have given two stations, both plotted, and arranged Form V,, 
Sheet LA., underneath, and worked out to decimals to show process, not 
that in practice T should enter them. The top line of the set of three at 
each station is the R. Ls. or readings at the section at the even distances 
b, say 5 feet. N.—1 should make it quarter or some even fraction of 
the road width. The second line is the same fer the road surface, to 
right the rise for slope is added and to left the fall deducted. In this 
latter case, z.¢., to left, if the road is in cutting at Lb, no deduction for 
slope is made, it is carried ont level as in second example. Similarly 
if road is in bank at A no addition is made for slope. The third 
line then gives the Bank aud Cutting at cach peg on the cross section 
The change of sign shows where the road and ground surface cut, the 
second chango, as in first line showing where the slope again cuts. 

88. To work out estimate of areas of the cutting there are two little 





- ‘ h 
triangles and a centre figure. The triangles are as before 4 x ae ~» the 


centre is 6 X sum of 4 first and last, and all the intermediate ones of 
the positive quantities. These are entered, omitting the common factor 8, 
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and multiplied by it after being added together at one operation. If 6 
canic an uneven quantity, say + of a 17 feet road, a table of multiples of 
4:25 would pay. The estimate is mean of arcas multiplied by 4. This is 
all step by step work on plain rules, can be done line by line as before. 
The distances to right and left horizontally measured are so many spaces 
pt. 

ie ea 

39. Exactly the same process carried out to left hand would give the 


as there are positive quantities to cither side of centre + 5 


bank. 

40, Inthe case of a Large Canal or Road in the plains, Ido not myself 
believe that the cross slope would often he worth taking notice of, but ] 
have seen a case of a Jarge canal. as I mentioned before, where the order 
was for cross sections at every 50 feet to 150 feet cach side of centre line, 
with readings at every 50 fect on them. The mean of the seven readings 
on each cross section was taken as the mean KR. L. of the section, and for 
each 100 feet length of canal excavation ¢ was the fourth of the sum 
of the extrcuie means and twice the ceutre mean. Now this was a very 
great deal of labour, the question is, was it well expended, ze. was the 
accuracy gained in result worth it? Tf the ground was generally level 
but uneven it would give a more correct result than chancing the ecntre 
readings to be average. Ishould in this case even doubt whether it was 
worth the labour, | 

41, But if, as is more generally the case, the unevenness is by way of 
a cross Slope, the incan rending is very near the calculated mean—and 
also what is more Mportant, the mean will not give a correct result at 
all, but, taking an extreme figure to show it plainly, it will be wrong by 
triangle ADB (sce Fy. 5, Shect 1.) If then the slope is worth ro- 
garding at all it must be regarded in another way, z¢., one that will at all 
events tend to an accurate result. I am not sure that the form of book, 
Sheet IX., given for hill roads would not be as simple as most in a case of 
real irregularity. We save all the labour of taking the means of the 
readings, and I doubt is the total work greater than any other form. Of 
course the left side would go up aw the right only does in this cage, in 
fact the section, &c., would be of canal not road. Lut if the ground is 
really sloping, perhaps a way of finding the value of triangle ADB in 
each case might be simplest. The calculation would then be made. for 
the mean depth, .¢, AA’H = ADB’ED, and ADB added. As the cal- 
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entation will only be for the small portions, ADB, they need not attempt 
any great accuracy. If may be well also to have a way of deciding how 
far the slope affects’a case. ‘The arrangement for this may be shown 
in Sheet X. and Form VL 

42. The point E, Fig. 2, then represents the same as Ein Fig.l. It 
is only necessary to construct a figure similar to Fig. 1 for each section 
required (3. ¢., each value of d) round E on Fig. 2, and record the di- 
mensions. ig. 4, a stiff straight scale is adjusted with its zero at the 
correct half breadth, i.e, EC on EA’ and at the given slope, either by the 
protractor at its left end or by the difference in level at the half width 
on EF. It then represents the ground surface. Fig. 3, which is really 
ADB, or rather the two sides of it indefinitely prolonged, is slid along 
line EA’, Fig. 2, till the scale on its bottom edge makes EA to right of 
E equal to the depth of the excavation. This scale is made s times the 
real scale, as EA is equals x CH. The area of the triangle cut off by 
Fig. 4, the ground line, is then read, base on right and half height on left 
side. As in this case the cross slope would not vary often, it would not 
be a very troublesome job. If it did even it would be no worse than 
making sections. Aid entries required, including the widths at which the 
cutting commences, on each side, are made in Form VI. If the section 
of the canal was as given in Form ITI., it would only be necessary to add 
the width of the tow-path to the half width set off with the scale on EA’, 
when d@ read over the height fixed for the tow-path or k. Working with 
this, it will be seen that where the cross slope was 5°, depth 10 feet, 
bottom width 200, the mean reading gave an error of about 100 feet in 
section, or 10,000 cubic feet per 100 feet length. This is a difference of 
7 feet about in the half width which is of course rather an extreme case. 
A difference of level of 1 foot in the half width of 100 makes about 20 
feet difference in section, or 2,000 feet in the content of the 100 feet. An 
instrument of this kind, which any one can make for himself to a good 
large scale on as sheet of paper, and using a Holtzapffel’s card scale, will at 
all events tell him whether the slopes of ground he has to deal with are 
worth noticing, and when they are so will give him the areas quite s¢- 
curately enough. 

43. I will just enter the practical method of finding the side widths 
on the ground given in the Treatise. Itis applicable to any case, ho matter 
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how irregular the cross slope. The principle is that BN = _ for any 


point in the side slope (see Fig. 9, Sheet I.) We bave only then to find 
a point on the ground fulfilling the above condition and we know it must 
be in the side slope also. If then we mark athe horizontal position of A 


on the ground distant = -++ sd, from C, and measure from it any trial hori- 
zontal distance AX = x to a point Y, and then take the difference of level 
between C and Y = y; if y happens to come equal to ~ we know we must 
be on the point B. If y is greater than = we see we must be above the 
cross slope and therefore must increase our trial 2, and vice versd if y 
is less than = we must decrease. Similarly if we are at the down slope, 


only in this case z must be measured inwards from a’. The only practi- 
cal difficulty is the measurement of CA and AX horizontally. 

44. In conclusion, you will observe that Earthwork is not so simple, 
#4, ¢., cannot be arranged for in one form, but that each case should be ar- 
ranged for. I sincerely trust no one will think I advocate any careless or 
inaccurate work, but let us work with our eyes open. Let us utterly avoid 
the second place of decimals except where we know it is necessary, and 
let us avoid laborious estimates which give no better results than very. 
much shorter and simpler forms. 


A. M. B. 
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ON EXPERIMENTS WITH SLEEPERS AT HOWRAH ON 
THE EAST INDIAN RAILWAY. 
fPude Tate] 


By Carr. H. Witserroncre Cuanne, RG, Ofg. Dy. Consulting 
ingineer ta the Gorerumené of Ladin, 


In October 1877, 1 was proposed to submit certain forms of sleepers 
to competitive trial, 

At Howrah a siding 2,000 feet in length was thrown up on which 
the experiments were earnied out. 

The east end of the siding was at mile J, and the west end at a point 
400 fect beyond the Distant Signal of Plewral: Station. The whole was 
on aeurve, the radios of which was o,200 fect. 

The line was laid ou furmatiou-level, and so far completed on 6th Noy- 
emiber 13877. 


: Spt fe ata tion ae : 
2. Beginning from the o> end of the siding, the following sleepers 


were laid ip lengths of [0 fect for trial :— 
a. Greaves’ iron bowls, 1° TOL’ m diameter. 
&. Denhands flat tron-plate-slecpers with iat tie-bar. 
e. Olpherts’ flat iron-plate-siecpors wath round tie-bar. 
d. Norway-pine-creosoted sleepers, 10’ x TU" x BM, 

From their position, the Denham and Olpherts’ sleepers were subjected 
fo a more severe test than the other two kinds of sleepers, as the speed 
of the engine which traversed the siding was greater in the centre than 
at the two extremities. 
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2 ON EXPRRIMENTA WITH SLENPERS AT HOWRAH, ETC. 


3. The following Table shows the weight of one cast-iron bow]-sleeper 
of the Greaves’ pattern (27. 1):— 








No. | Detuils. | Weight in Ibs. 
hs ScD a Sica neh a ata SSS ace een ae a ae ee Rae 
2 | Cast irop Greaven’ bowl-slecpers, ie ies bed 1720 

} . 
1 | Tic-bar, ere pee eon eus treo oe eee 359 
4, | Gibs and cotters (2 of each), ... oid Sid 3Lh 
| 
yd | Keys,* Ce ane weet ede awe @ee nan | 2°58 
! | 
f ares as maaan 
. Total weight of one bowl-sleeper complete, ... | 213 59 
The following Table shows the cost of one mile of way :-— 
No, Details, Kate. Amount. 
is. Unit, Ro, B= oe 


17 foot 12,540 098 6 


460 Rails, 10,560 foet,... Six io 


t 
i 
’ 
} 


1,840 | Sleepers, Greaver’ bow] Ceomplete), S<3-2 each 15,084 2 6 

j 1 
G20 Fish-piates, wets rat Ber i i ae 576 0 0 

| 

1,840 | Bolts and nuts, .., a ore ame 100 230 0 0 

: | 

129,030 Cuhic feet of ballast, as lor tinaber- 
| sleepers, a tha we f 4 5,161 0 0 

Total cust of one mule of way laid with Greaves’ 

bowl-sleepers, are ae ak van Se 33,590 5 & 


4. Fig. 2 shows the nature of Deuhani’s cast-iron sleepers. 


* The wooden hey is 8 long, 
23% x 2' ut one end, 
29" y 24'4 “at the olher end, 


The mean sectional area is 555% idk 
The content is 44°68 cubic ucher, 
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ON EXPERIMENTS WITH 6BLEEPERSA ATF HOWRAR, LTC. st 


The following Table shows the weight of one Denham sleeper com- 
plete :— 


No. Details. | Weight in Lba. 
Rearing plates, Denhami's pattern,™ ... 163°55 
Po Wehr, na a 1255 
Ps ! Keys, oes ‘ = : 28 
2 | Uhairs, ... a ioe a 49-0 
2 Gibs and cotiers, ... ‘i a wes Zi 
4, | Bolts and nuts, ... mt whe a As7 


Tetal weieht of one Denham sleeper complete, ce | 


Messrs, Thomson and Browning clainr for the Denham sleeper the 
following advantages :——~ 
© oO 


(1.) That. in the ease ef Vines already laid with sleepers and chairs, it) tokes 
the place of the sleeper ouly ; the chairs Jaid in the road can be used. 

(2.)) That, in its use, there ts more than ordinary freedom from hiablity to 
fracture, 

43.) That, im its nse, there is greater elasticity than ordinary, 

(4.) Phat it ean be adapted to curves, by increiing the gauge by reversing 
the positions of the coiliis and gibs, When the gibs are inside, the 
sleeper is correctly laid for a straight line, 

C5.) That if is suitable to all hinds of ballast. 

C6.) That it is easy to pack. that a small quantity of ballast is required on 


> 


account of its shallew depth; and that the saving in the quantity of 
ballast would cover the extra firet cast of the sleeper. 


Messrs. Thomson and Browning, further state that these sleepers have 
been tried on the East Indian Railway during a period of seven years, 
on other broad-gauge lines, and on the Indian (State) Railways. 


This weight was obtained by actual weighing. By the pian, the woight of two bearing plates 
8 pattern) 16 137 3 toe. only. 
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8. The following Table shows the weight of one cast-iron bon eee | 
of the Greaves’ pattern (Fig. 1):— : 








No. | Details. | Weight in tbs. 
2 | Cast-iron Greaves’ bowl-sleepers, ies as sts | 1720 
1 Tie-bar, ee eee eee een eon aoe oon ; 85°90 
4, | Gibs and cotters (2 of each), ... or ent a S3-il 
2 | Keys,*  ... a on se eee sit ove 258 

Total weight of one bow]-sleeper complete, ... 213'59 


(EAE ERAS PSEA ER SEL RIN AST NSE BOE I II TE OE ERP TROIS TN LE TE II EE SETI SIL OSE NTE ES LATS OID TELNET LN PE SE ESTELLE TEE LEED O LEE TEEN LSE ELEGY 


The following Table shows the cost of one mile of way :— 











No, Details. Rate, Amount. 
Rs, | Unit, Rs. A. P. 
460 | Rails, 10,560 feet,... a we | ly | foot 12,5440 0 0 
1,840 | Sleepers, Greaves’ bowl (complete), 8-3-2 | each 15,084 2 8 
920 | Fish-plates, ie ie RS og 676 0 0 
1,840 | Bolts and nuts, ... sae eo. + 123) 100 230 0 0 
129,030 | Cubic feet of ere as for aera wi 
sleepers, se igs 4 ved 6,161 0.90 





: me y 
Total cost of one mile of way laid with Greaves’| 
bow]-sleepers, are bee ose aee noe 33,590 8. ‘ 8 ; 


‘ sa sicchieiaaa : memeeben scenlaniecntecres os , pontine | 
4. Fig, 2 shows the nature of Denham’s cast-iron sleepers. 


* The wooden key js 8 long. 

23” x 2” at one end, 

4U" x 254," at the other end. 
oe ee 
The content is 44°68 cuble inches. ; 
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ON BXPRRIMENTS WITH SLEEPERS AT HOWRAH, ETO. 3 


“he following ‘Table shows the weight of one Denham sleeper com- 
plete:— 


X® ps HO Bo m= WW 























Details, Weight in lbs. 

Bearing plates, Denham’s pattern,* _... sa se 163°55 
ey a a ee a a ec 12°5 

Keys, os ver us cee we | 2°58 
| Chairs, ... ee “as wit su os is 49°0 
Gibs and cotters, ... a a ae ee 25 

Bolts and nuts, ... sa he os oa 487 
Total weight of one Denham sleeper complete, ... 235°0 





- Messrs. Thomson and Browning claim for the Denham sleeper the 
following advantages :-— 


{1,5 


2) 
(3.) 


(4.) 


@) 


| 6.) 


That, in the case of lines already laid with sleepers and chairs, it takes 
the place of the sleeper only ; the chairs laid in the road can be used. 


That, in its use, there is more than ordinary freedom from liablity to 


fracture. 

That, in its use, there is greater elasticity than ordinary. 

That it can be adapted to curves, by increasing the gauge by reversing 
the positions of the cotters and gibs. When the gibs are inside, the 
sleeper is correctly laid for a straight line. 

That it is suitable to all kinds of ballast. 

That it is easy to pack; that a small quantity of ballast is required on | 

 aecount of its shallow depth; and that the saving in the quantity of 
ballast would cover the extra first cost of the sleeper. 


Thomson and Browning, further state that these sleepers have 


tried on the East Indian Railway during a period of seven years, 


other broad-gange lines, and on the Indian (State) Railways. 


7 This weight wes obtained by actual weighing. By the plan, the weight of two bearing 


: Kaman: wparaenn) * 1387'S Ba, only. 
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In the following Table the cost of one mile of way laid with the Den~ 
ham sleeper is given :— 











NO Details. | Amount, . 
Rs, <A. P. 
460 | Rails, 10,560 feet, . 12,640 0 0 
1,840 | Sleepers, including ‘all bolts, &c., but 
excluding chairs, ar 14,780 0 0 
920 | Fish-plates, 675 0 0 
1,820 | Fish-plate bolts and nuts, . 230 0 0 
129,030 | Cubic feet of ballast as for timber 
sleepers, ... oe 6161 3 0 
3,680 { Chairs, oie ous se ie 2,760 0 0 
Total cost of one mile of way a with Denham 
sleepers, ss. oes ee .. | 36,986 38 O 


5. #ig. 8 shows the nature of Olpherts’ iron-sleeper. 
Mr. Olpherts claims for his sleeper the following advantages :——~ 


(1.) That it is simple, and that its parts and fittings are few. 

(2.) That it is suitable to all kinds of ballast. 

(3.) That by it, accuracy in adjustment and in keeping to the gauge can be 
maintained, 

(4,) That the use of an elastic cushion of seasoned sal wood, under the rail, 
in most advantageous. 

(5.) That, in its use, there is economy in first cost and subsequent maintenance. 

{8.) That it can be adapted for use as a joint-sleeper. 


Mr. Olpherts describes his form of sleeper as follows :—— 


The plate is of cast-iron, oblong in shape, with a bearing surfase of 400 t¢ 500 
square inches, according as the sleepers are of a light or heavy pattern. On its — 
supper surface there are two ribs in the direction of its length; on its lowers sos : 
face, three ribs at right angles to its length. e 

Between the upper ribs, cast aaa part of the plate and ribs, js @ halt-chair, > 
similar to the ordinary chair, but rather heavier at the base. This is the fixopj jew 
of the chair-sleeper, and may be placed on the inner or outer side of the rail, ‘Phe. 
opposite half of the chair is moveable, sty 

In the centre of the plate, between the upper ribs and two jaws of the, chair, | 
is a cushion of seasoned ail wood, intended to save wear and tear of the ‘botbom: 
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table of the rail, to absorb vibration, aud to lessen the effects of shocks to the 
rolling stock. 

The moveable jaw, the wooden cushion and rail are secured in place by a 
wrought-iron tie-rod, whieh also preserves the gauge and inner inclination of the 
chair, 

The following Table gives details of the weight and cost of the different 
parts of the Olpherts’ slceper :-— 





* \ 





Paxra Of THE Sizerer. {No.| Weight. Rate. Amount, REMARKS. 
 eeeteadentenmemaaienimanenaiedl — oor aenemieceerrcenreremnrmtine | mrmpeceenntn a ae 
ct. ars. Ibs. | Re, | Unite) Re. A. P. meses 
: | {mee . 
Sleeper, cast-iron pair, at | BAS S 
100 Ibs, each plate, ...}) 1 | 1 3 4 (7738) ton , 615 1 3 
ia 
Tie-bar, wrought-iron, ...| 1 | 0 O 21 |20:9! ewt. | 3.13 104 2 
; 43 
Chair-bolts 16'long, .../2/0 O68 | 8] , |O7 5 Vides 
@ ‘Ss 
Wooden cushions, {2/0 0 2] gyleach.| 0 3 0 —“ aS 
23534 
i (2.2 2 Geet 
Credit by less cost— gleet 
RS. Rs, A. Pe OS it Do 
gitie 
2 ordinary chairs at ... 49 each 18 0 3 5. 3 S 
na BS 
4 spikes, eee ec ee 0 4 0 2b Es 
2 keys, »» os 85 perhundred 0 1 2 1g5 758 
o's i i Sand 
por mo = 
Mm s a 4 
113 2 ° 2 2 


SEATTLE ETN TIL ELLE LIES IGE LTE A ASIC TTI AIOE ETE EISELE EES SIG SAE TEESE EG ATO LOTTE ESET II OOS UPB SAE TITER ILEPC ENED GELATO I REPS IETS 
The following Table gives explicitly the weight of the Olpherte’ sleeper 
complete :-—- 








No. Details, Weight in Ibs. 
@ | Bearing plates, Olpherts’ pattern (chairs inclusive), ... 262°0 
1 | Tie-bar, including nuts, ee 21:0 
2 | Cashion of wood, - re a eC ee 20 

: certain: 
Total weight of one Olpherts’ sleeper complete, ... 286°0 


eta Sg A BE SDT IRE ESC NOTE TG CE OTTER ODT AN TEL 
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The following Table shows the cost of one “mile of, my leas with 
Olpherts’ sleepers :— 





No. Details. Rate. 


‘Amount || Resaens 











Rs. | Unit./ Rs. JaiPp.? 


460 | Rails, 10,560 feet, . .. | Lay | foot 112,540 | 0} -O 
260 | Pairs of C. I. joiat chairs _ 

and sleepers, ... .. | L22y5] pair | 3,143 | 0 
660; , ordinary sleeper with 

ties, a ‘es LOZg# 7,258 | 4 6 
900 |} 4 Ss s without 

ties, oe se diss oo 7,280 | 0 





1,840 | Fish- -pate bolts and ‘nuts, . re ae 100 230 | O10 


929 | Fish-plates, 7 29 | each 575 | 010 
96,722 | Cubic feet of ballast, awe!) & 100 | 3,870 {141 0 





eet) eae 


Total for one mile of line laid with Olpherts’ 
sleepers, weight per mile 308 tons,*  ... {34,907 | 2/10 


The rates are those of the Workshops. | 
of the East Indian Railway at Jamalpar. | 


Mr. Olpherts considers that the weight of each plate of the sleeper 
should be 100 ibs., and that the difference in price between his sleeper and 
a@ first-class sil sleeper with fittings would be Rs. 14, or Rs. 2, more for 
the iron-sleepers. 

In his letter of 12th December 1877, he states that— 

C1.) A pair of sleepers was placed in January 1877 on the road leading off the 
main road to the engine-shed at Dinapur on the East Indian Railway ; 
and that 7,348 engines passed over it. 

{2.) Sixteen pairs of sleepers were placed in March 1877, at mile $42 in the 
up-main line, East Indian Railway, on brick-ballast, on the leved ; that 
all trains passed at full-speed ; and that 3,135 engines passed over them. 

{8.) Ten pairs of sleepers were placed, in April 1877, at mile 178 on the down- 
line, on quartz ballast, on a descending gradient of 1 in 200, on the 
East Indian Railway; that all trains passed at 40 to 50 miles per 
hour; and that 2,684 engines pessed over them. 

Each of the platee of these three sets of sleepers weighed 90 Ibe, only. 

+ The Agent, East Indian Railway, in his letter No. 185 of 14th Decem- 
ber 1877, to the Board of Directors, states :—‘“‘ Cast-iron sleepers of the 


. The additional cost of :— 


Nos, REAP. RRA PL, Re A. P, 
«. A tie-bar to each Olpherts’ sleeper = 960 (21010— © 7 5) mw BOn 3 6 fH 
ms = Ra. 8,270 8 0 
3. The fall section of ballast 4™ 39908 


= Fup (1+70,080~96,789) = 97 = 1,209.3, 


(84,907 4 8,970 4- 1,203 Ke, 
30469 Ra, 


Hence the total cost per mile of way 
laid with Olpherts’ sleepers 
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Denham, ond and of the Olpherts’ patterns have been in use on a small scale 
. ee the: Open. Hine with satisfactory results.” 

6. ‘The Norway-pine-creosoted sleepers require no description. The 
i telowing Table gives the weight of one timber sleeper complete :— 

















- No. | po | Details. Weight ia Ibs. 
1 ‘Timber sleeper, ia oes a a 117-0 
2 Keys, ... ae ous Gale re aes a 2-58 
8 Chairs, ... ace a ee ed aia Sea 49:0 
4 Chair bolts, .., bes sag sig one Sap 4875 
Total weight of one timber sleeper complete, eae 173°45 


Ia the following Table, the cost of one mile of way laid with timber 
sleepers is given :— 














No. Details. | Rate, | Amount. | 
RS, Unit. RSs. A. P. 

460 | Rails, 10,560 feet,...  ... | 143, | foot. 112,540 | of 0 

_ 1,840 | Sleepers, sie cel 5 beach 9,200 | ol oO 
3,680 | Middle chairs, ... ao 43 - 2,760 | O10 
8,680 | Keys, ae i » | 35 1,000 128 121 9 
920 | Fish-plates, +e | each 575 | o| O 
1,840 | Fish-plate bolie and nuts,... | 124 100 | 430 | 0; 0 
7,360 | Spikes, we | 8 | 1001 450] 0. 0 
129,080 | Cubic feet of ballast,  ... | 4 100 | 5,161 , 3. 0 


_— 





| 


Total for one mile of line laid with wooden- 











sleepers, weight per mile 373 tons, ... | 31,054/15) 9 
7. ‘The bearing surface of the 
pte 3 . square feet, 
_' Greaves’ bowl sleeper is, —.... bee » 31416 & (1) = 6:28 
 Denham’s cast-iron ais oe ds 219 eX 1x2 = 5°66 
a’ cast-iron ese oor eas ove 3' P4 l’x 2 — GO 
%, eee eee eon ove Vo x +} == §°07* 
— distance between the inner edges of the plates is :— ‘ 
2 10}" in the case of Denham’s, 
2.9” » Olpherts’, 


” ead the middle-epace left unpacked in the pine-sleeper is 244 feet. 
nko distance between the centres of the points of attachment of the tie 
“pee of the Denham-sleeper i is 3° 24°. 
oe i id Reins bisewe fe the middle-space, ee lett unpacked, has 16 beating wurtace, 
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8. In the following Table details are given regarding the passage of 
an engine over the experimental siding on the 6th, 10th and 12th Novem- 


ber 1877 :-— 


Speed of Engine in miles per hour at passage No, Tons, 





34 Sd a a Sa li Nae ac 
RS: rf 2a af sj of z| eo] of. ¥o, | Engine | Tender. 

AS, A. P, 
1 | 6th Nowe, 1877. Foe bo fone fen foe foe | ced cue | oe | oe PLB] BBG £6 4418 8 
2 | 6th » 1» Mock use ht eats aks das ee Cea ae wis 2 ib 
38 {10th , i 6 {| 6/1 10} 10) 15) 15; 20; 20 | 25 | 98 F 2191 Be 22 114 7 8 
4 [12th y » [8 | 8{ 10/10/12] 12) 15/20/20] 20}485] 854 | 26 | 20 8 9 


Total E Espiner «= T8 Me 8 


ete ee 





The total weight that passed over each sleeper, laid on forma tionslevell 
was-—— 


= (Pea 10 (°95" 28) ) = 18146 tons. 

After trial No. 1, no effect was observed. 

After trial No, 2, it was noticed— 

(1) that the bowl sleepers were unequally depressed ; 

(2) that the Denham-sleepers were much and unequally depressed ; 

(3) that the Olpherts-sleepers where depressed equally and to no great extent; 

(4) that the pine-sleepers were not visibly depressed. 

At the west end of the siding, after this passage, the locomotive waa 
derailed, as regards one of the fore-wheels, by one of the hollow iron keys 
being crumpled by pressure. New rails were laid at each end of the ex- 
perimental siding for several hundred feet. 

Before trial No. 8, the line was inspected by passing over it on a trolly. 

After trial No. 3, the conclusion arrived at, by inspection, was— 


(1) that Greaves’ bowl sleepers were most depressed ; 

(2) that the Denham-sleepers were depressed unequally and fo an appreciable 
extent; 

(8) that the Olpherts-sleepers were but slightly affected ; 

(4) that the creosoted pine-sleepers were not affected at all, 


The line having been restored to a proper state, trial No. 4 was ander 
taken. 


* & sixowheel coupled engine passed once at foot pace over the Mane. 
t Bive wagons, each laden with 200 cuble feet of olay, passed once at « foot pace over tha 1000; 
the weight of aie wagon, With its load, was 1501 tons, 4 
338 
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“CAtbor the trial, it was observed 
/ | a that Greaves’ sleepers were appreciably disturbed ; 
(2) that the Denham sleepers were not quite so igh disturbed ; 
8) that, the Olpherts-sleepers were not at all affected ; 
(a). that the pine-sleepers were not affected, 


Tt may be proper here to observe that the tie-bar is attached in— 
: q) the Denham-sleeper to points near the edges of the plates; 
(2) the Olpherts-sleeper to the chair immediately below the rail. 
_ Hence, though the Olpherta-sleeper, like the wooden sleeper, may de- 
part from its true bedding, the gauge cannot alter. 
In the Denham-sleeper any departure from the true bedding must in- 
volve a proportionate alteration of gauge. 
9. In the following Table details are given as to the time and labour 
required to remove and to replace a sleeper and rail on formation-level :— 




















TIME IN MIAUTES| Bay | & 
REQUIRED To SA ia 
REMOVE AND By | q 
c Sleeper, aeeraeas: é - Tools actually used, 
» 
‘7 asleeper,| as rail. FE 3 st g 
¥ BR | A 
tain | ancnmpesanpianaan, intima Oe i ee ee ened —— etait eID a tal 
1| Greaves’ iron bowl,| 18 6 2} 5] 4 spanners, 1 key-hammer, 2 
| mo er owbars, 1 small hammer, 1 
ot 3 chisel, 2 pickaxes. 
2;}The Denham, .. 208 6 24 5} | §4spanners, 1 key-hammer, 2 
o it Be casita 
8 The Olpherts’ fixed | 83 143 | 74 5| 9 . spanners, 1 key-hammer, 2 
jaw inside, A pickaxes. 
4 he exeosoted pine, 6 6 25 5| 3 2 augers, 2 key-hammers, 2 
oa tree-nails, 2 chisels, 2 crow- 
The Olpherts’ fixed ve «» | *84%) 5 19 Jan. | bars, 2 pickaxes. 
ae outside, 1878. 





To take out a sleeper, the work to be done is, in the case of— 


(1) Greaves’ bow! sleeper— 
To drive out 2 wooden keys. 
: " » 2 cotters and 2 gibs. 
» release the tie-bar, 
» excavate 2 holes, to release the 2 pots with their chairs. 


* This waa deduced from the time required when operating with one sleepor ; if the septa 
asd been parriad ont with seven sleopers the (full complement to a rail), the time probably would 
have beer lees, | 
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(2) 

To drive out 2 woodon keys. 

Fr - 2 cotters and 2 gibs, 

5» prise 2 bearing-plates. 

» release the tie-bar. 

» excavate 2 holes to release the 2 bearing-plates. 
(3) The Olpherts’-sleeper (moveable jaw outside) 

To unscrew 2 x 2 X 7 = 28 chair nuts. 

rr » 2% 816 fish-bolt nuts. 

»» remove the outer jaws of 2 * 7 = 14 chairs. 

3, excavate 2 holes, to release the 2 bearing-plates. 
(4) The pine-sleepers— 

To knock out 2 wooden keys, 

sy wrench out 2 X 2= 4 chair spikes. 

» knock 2 chairs sideways off the sleeper, 

» drag out the sleeper. 


In each case, to replace the sleeper, the same work is required, in ad- 
dition to packing the sleeper. 


To take out a rail, the work to be done is— 


(1) In the case of the Bowl, Denham, and Pine sleepers— 
To remove the boxed-up ballast. 
» knock out 7 keys. 
» unscrew 8 fish-bolts. 
(2) In the case of the Olpherts’-sleeper (outer jaw of chair moveable) — 
To remove the boxed-up ballast. 
» unscrew 2 * 7 == 14 chair nuts. 
“sj i 8 fish-bolts. 
» remove 7 half chairs (outer jaw). 
(3) In the case of the Olpherts’-sleeper (inner jaw of chair moveable) — 
To remove the boxed-up ballast. 
» unscrew 7 chair nuts. 
»» remove 7 inner jaws of chairs by sliding them on the tie-bar. 
» unscrew 8 fish-bolts. 
In each case, to replace a rail, the same work reversed is required. 
The following observations may be of service :—- 


It took three minutes to drive out the cotter of the tie-bar (placed flat) of the 
Denham-sleeper ; the proper time is one minute. When the tie-bar is on edge, the 
time required to drive out the cotter is half a minute. 

When the fixed jaw of the chair is on the inner side of the rail, the Olpherts’- 
sleeper is very difficult to remove. The screw at each end of the tie-bar is 3} 
inches in length, of which 2} inches are actually taken up by the nut and 
check-nut at each end. This involves much work ip screwing and unscrewing, 
It would be better to have cotters and to dispense with the screws and nuts, 
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In the following Table the result of several passages of an engine 


10. 
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The total weight which passed over each slecper was 642 x 61 tons == 
82,162 tons. 

11. In the following Table, details regarding the time roquired to 
remove and to replace each kind of sleeper in ballast boxed-up, are given; 
the experiment was carried out on the 4th January 1878; the number of 
men employed in each case was five :— 





MINUTES REQUIRED, 




















SLEEPER. b 3 b 3 8 4 a 3 Se 
Be .| 2 | $8 | Be | BS | x 
KBal FS | FS | oe | #2] & 
ie = oO wo Sw Ho ran oe) 
Beg eee re oa al 
 comeemnaneammend renemonenmernaene aumenamaneie ee ren ee ae rraaneimmennat, | Suimuaamnarsansy | ammepivinarenwereng 
Greaves’ iron-bowl, one ae | 1288 1 438 i gar { 9 bo | 442 | 3385 
renee anand 
The Denham, ese eee Bue 933 2085 7é8 Oss ASS 
The Olpherts’— | 
| 
(a) fixed jaw outside of rail,... | 9* 4a% ' 6 730 | 5ag | 4340 
ee 
(3) a} 9) inside 33 eu 939 S338 78 548 565% 
beac eeitilite 7 saath 
Creosoted ping, ... +. | 888 6 | 720 | Bae | 2728 


In regard to the Olpherts’-sleeper, in which the inner jaw of the chair 
is moveable, trouble was experienced in slipping the nut} and moveable jaw 
inwards along tie-bar to release the bed-plate. It would be better to use 
a cotter in place of the nut. 

Two sleepers of the lighter kind of the Olpherts’-sleeper, which had 
lately been put into the experimental siding, were on this day (4th Jan~ 
uary) examined. 


One sleeper had been in line from January to December 1877, or 12 months. 
The other 9 a9 April to 3s ” 9 » 


These sleepers were perfectly sound and good. 
| © This shonld doubtless be 944. 


} Az the space between the longitudinal ribs of the upper surface of the bearing plate is limited, 
the nut would be more easy to work if it were not square, but hexagonal in fost, 
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The weight of each plate of this lighter form of sleeper was 91 tbs.; 
.of each plate of the sleepers, which had originally been placed in the 
siding, 181 tbs. 
12. In the following Table details are given as to the price of different 
kinds of timber sleepers :— 











CLASS. 
Natrork OF TimBper SLERPER. 
Neuter. First. Second 
Rs. A. P | ES. A. P.| RS. A. P 
Teak, | 5 00 
4 &% U | 4 090 
Sal, ee @oe ees 
ls 80 | 
Fir “ | 
10’ * 10" & 5 ta sal ae OE 3.3 62 
9 K 10” x 5” *% 14 O4 
Tron- wood, 5 00 
. 400 
Assan-wood, ee was aes dis 
4 40 
4 00 
Srish - wat bus ix 
4 40 
Mowah ,, uy “a sea aie | 4 80 
Red gum Fr.) wee ens ere oon 5 ] O 
Jarrah 99 ees eee ene eae 5 8 0 





This information was obtained from the Chief Auditor, East Indian 
Railway, in reply to a demi-official letter of 19th September, 1877. 

18. In the following Table, details are given regarding the passage of 
Engine No. 490 over the experimental siding. During cach passage the 
speed of the engine was 30 miles per hour; the first excursion was made 


on the 7th January 1878 :-— 
343 






























































7TH, 8TH. | 9TH, | 10TH. 1TH, 13TH, 4TH. TOTAL FOR 7 DAYS 

2 ? o Z © Zz | ® £ » a @ wi % e 9 ra 

= a ei ; a # 

Bs S Bs £2 jee] 2 lgel 2 les e [fa] 2 lee) 2 | Sel # 

‘ Se; os (Pe) & jee] & jae) F (ae) & |88| & | 8h] & 

es ee ee 

ei 8 ja 6 le) & ig”) & fs" 8 128) & ig8t F le*i 3 
eam SE | CAE | emmtonty hoagie! ace ceommeneed Kemmeemmamanened Pend | eeeorennsass Soa 
| Bs, a. P. | Bs. A. P.! | RS. A. P. RS. A. P | BS. A. P, Bs. A. P. BB. A, p,| RS. A, P, 
174, 0 15 6 176, 1 70170, 1 73 188) 0156; 190! 0 79) 192 115 0 202)... «11290 7 49 
oaees ees ere ote @ee : ; i exe are wie ; ; 3 ae ; ; 4 ) se es us ae 1 " 3 
P u, nase #es wee ose ?} tee has een & ose ena eee eee aes eee ] ? 8 
Creosoted pine, eea ee 0 15 § ee 0 7 9, eee eee res ase one best gat see | ees toe eay 1 7 3 

ee ween  feaeaen | cman ameeose om ne ot erecta 

No. i Ca a 10, 82 06) *2, 6 6 6: 2,666 412130 1 333 39 99 619 3 a 89 110 
bowls broken,... ] 3 3 3 oea oeo | tee ees | +3 eee au6 $ee eee eet fl see oes 4 3 3 
ane | Somememeemeecane | seeeeet | emer | meee | rman | wees — | nnn | me | SNR | eanncem| meeipemeneehenes 
Torat Cosr Rs.,} ... | 37 2 Opa] 9 49) o | 713 9, we | 1412 Of ae | 4 LU 6 {11 89... [19 36) .., os 8 9 





* On the curve from main line to the siding at each end, it was found necessary to put in a tie-bar to every Sowl-sleeper, In the case of the Denbam- 
and Olpherts’-sleepers, this also would be necessary on acurve, See para, 21. 


| These 3 bowls were cracked on the 7th J anuary and then valued. 
1 This bowl waa cracked on the 7th January and then valued. 
Ost of 175 pairs (or 850) bowls laid down, in 7 days of 8 working-hours each, the total number of bowls 


cracked is 28, 
broken is 5, of which 4 were previously cracked. Tons. ewt qrs. 
The weight of engine No, 490 that ran to and fro 1,290 times is 35 10 0 
ft tender, 9? # 26 G6 0 





Total tons,.. 61 10 0 
The total weight that passed over each sleeper, at 30 miles per hour, is 1,290 x 614 tong = 79,335 tons. 


NO 


Lv 
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14. On the 13th November 1877, the time required to remove and re- 
place a rail on formation-level was found ; and on the 15th January 1878, 
the time required to remove and replace boxed-up ballast was found. 
The number of men employed was in each case five. 

The details are given in the following Table :— 


TIME IN MINUTES REQUIRED. 








ee re eee amesennsin' 


BOXED-UP . 
BALLAST. A. RAIL. TOTAL. 









| 





Nature of Bleeper-Road. 





























& Ed i 65 gs 5 ee 
Siok Lita Py ent jawed 
2 | E oH Ze SES 
a oO oO Orch ot G24 
a f 4 aie EY H a 
Soe pee : rg eo ee a 
a7 15 7 12 
Freaves’ bow], ae a aac Leg 2h | G | on Bu % 
er | th o7 12 
Denham, ae ae eo od DG 24 | G OF fay Bex 
Ol pherts’— | 
: : eta : of 5 40 
a. Fixed jaw inside, se 3 aie 7h 14} 1042 | 19¢$ 
: { 3 4% 
b, a9 $3 outside, we oe : ° ; 7 j Bi uy ee Veo a Zs 
Sreosoted ping, ne ae ey Le a | 6 BEG ae 
t 
| 


15. Onthe 15th January 1878, four breaches, cach 100 feet in length 
(i. ¢., the length of 5 rails), were begun, onc in each length of sleeper road. 

The following Table gives details regarding the making of the four 
breaches :— 










































ed ae EARTHWORK, &0. Cost. 
GRAND | oo ale 
T . Fe ane, aie TOTAL, 4 
pa rPeumasen Tl Tu MAK Be i BEX AV AS 2, 5 | 
NE os ca alee cg ae) Bg 
a | | F | a Se BE TOTAL, 
¢ $ : « , ag 
¥ ofa |e.) £ | 2 pM dnce.) Mum [Ege | 
3 mt om | = ES 
ET tn mere ott Spit cece mare Se PA SR rr errr ct ate en ner tt te RAR Oe SE SE ERAS 
| Rs. Rs. Rs. 
Greaves’ bowls, ... 35) 15) 875) 33 0; 50; 650) 658-75) 0-80) 20 81) 20°61 
Denham, eee | Sh) US] TTS 14 a 50) 700) 707-75 0°66) 21°90, 22-56 
8 at 25 
Olpherts’, wee | OL) 15(22°75 488] 510°75 072) 15°25] 15-97 
9} 82, 32) 
Creosoted pine, ... | 40; 15/100] 9 0; ef 4501 460-00] 0°38! 14:10] 14-48 
F } ; 
\ 





emer tery Noten ccatanmrnnpts 





em 





2°06} 71:56| 73-62 


seme nes taniennanhebenina® 


* This is the time required for handling the rail; it does not include the time of desling with the 


¢ This includes all labour in setting the rail properly in ita place in boxed up ballast. 
845 
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In making these four breaches, the following work was done :— 


(a).—In each of the four breaches— 


' 5' 
Xx 18 —_X 100! = 1,750 eubic feet of ballast 


16’ wide X 112 deep X 100! = 2,933 6 » earth 


were removed. 
(b).—-In the case of the :— 
(1) Creosoted pine-sleepers, 
(2) Denham-sleepers, 
(3) Greaves’ bowl-sleepers, 
the keys were knocked out, the fish-plates released, and the sleep- 
ers (complete) dragged out. 
(c).—In the case of the Olpherts’ sleeper— 
the cheek-nuts were taken ofl; the true-nut was unscrewed sufficiently 
to allow the lower tablo of the rail to pass between the jaws of the 
chair, and then screwed up to allow room for the check-nut which was 
re-screwed to prevent its being Jost. 
Tho rails being luid on one side, the sleepers (complete) were dragged out. 
In each case the permanent-way and ballast were placed on the east side of the 
way, and the earth excavation on the west side. 


16. Hig. 4 shows the section which should be given to the ballast. 
The following details may be of service :— 


5 inches is the depth of the rail, 
20 inches is the depth from rail to formation-level. 
1 ,, PY of ballast from formation-level to base of rail. 
13 feet is the width of ballast at top. 
15, 3 5 bottom. 
§ inches is the depth of ballast below a pine-sleeper or Greaves’ bow]-sleeper. 
12 «Ca, ‘i 7 Denham’s or Olpherts’™ sleeper. 


17, On the 17th January 1878 the refilling of the four breaches 
was begun. 
The following Table gives details :— 
® Mr, Olpherts claims that ballast may be saved by the use of hia sleepor. If ballast 8 inches in 


depth only be given, a6 in the case of the pine sleeper, there would be a saving of 4 inches of bal- 
last indepth. See the estimate of cost, pura. 3, 
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18. The four breaches having been repaired, engine No. 490 ran to and 
fro at a speed of 30 miles per hour over the siding on the 21st, 22nd 
and 23rd January 1878. The following Table gives details :~ 


TOTAL FOR 
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ee, F 18e) # [Bal | 
‘SF ‘SB |S F ‘S 1% ‘S Sy ‘3 
Me: a Nag or A 5 ome a ro 
ier 8. fer ie ee 2 ee se 
| RS. ALP. [B8. A. E RS. A. P. RS, A. OP 
Greaves’ bow], .e oe (1421/1 7 61200'0 15 6/20010 7 G/542'2 14 6 
} 
Denham, es oe | oe 10 15 ‘| oe LO 1D Glee [O 7 6) e012 G6 6 
\ 
Olpherts’, we we Pe OT a 015 6,../0 7 6).4./2 2 6 
| 
Creosoted pine,. ow f oe (O15 GL. 1015 : {0 7 Gil ..(2 6 6 





li 14 0] 19 14 0 


Total weight that passed over cach sleeper = 542 «x G14 tuns = 
33,933 tons. Where the breaches had been made, the road sank chiefly 
on that part laid with bowl-sleepers. 

In this instance, as in the case of the enginc-passages recorded in para- 
graphs S, 10 and 14, it was noticed that the Denham-sleeper laid on brick 
ballast had a decided tendency :— 

a, to depart horizontally from a position at right angles to the rail. 
&, to tilt in a vertical direction, 
This was more especially the case with those sleepers that had no tie-bar. 


19. The total cost of the experiments which began on the 6th Novem- 
ber 1877, and ended on the 23rd January 1878, is given in the follow- 


ing Table :— 








AMOUNT. 


RS. ja. dP 





re ae remeron sa endo tnon 





Making | and remarking the siding. See Table IL, .. oe oe (2,985) 12] 6 
Greaves’ bowl-sleeper bowls, cracked or broken, 29 in number. Sve 
paragraph 138, e» ee aa ee aa er oe ve 93 14 3 


Engine hire for,-— 
6th, 10th, 12th, 19th, 20th, 21st and 23rd November 1877, «+ a ae. Tween 


7th to 12th, 14th, £ 2ixt to 26rd January 1878, 3 er ee 
A total of 17 days (see paras, 8, 10, 18, and 18), at Re. 20 per diem, 840; 41 0 


Total Ra, «»-|3,419[ 10] 9 
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21. It may now fairly be stated that— 

a. The creosoted pine-sleeper is the best form of sleeper of all; but having 
regard to the difficulty of procuring it, and to its comparatively short 
life, it has to be rejected : 

. The bowls, when placed either on earth or on ballast, give trouble in 1 pack- 
ing; when laid on ballast, they are liable to break: against this must 
be considered the statement in Table III, regarding the small renewals 
of this kind of sleeper, when placed on loam, as compared with timber 
sleepers. 

e. The Denham and Olpherts’ sleepers, as has been shown, are of the same 
nature: the Olpherts’ has, however, one great advantage over the 
Denham, in that the tie-bar seizes the chair, and not the plate—see 
paragraph 8, The extra time required, in the case of the Olpherts’, 
to remove and replace a rail, or slecper. is shown in paragraph 20: 

d. The Olpherts’ sleeper is, after the creosoted pine-sleeper, the best of all in 
places where liability to accident is small; the only objection to it is the 
time taken in handling it; see paragraph 20. ‘The sleeper is scientifical- 
ly designed and makes a good steady road. 

A tie-bar is required to every sleeper, whether of the Denham, or Olpherts’, 
pattern :— 

(1) on a curve, if nuts be used as at present. 

(2) everywhere if the nuts being discarded, the tie-bar be weakened by cut- 
ting in it holes for cotters and gibs. 


TABLE IL 
East Inpian Ratnway. 
Statement showing the weight and cost of permanent-way articles. 











Names of articles Rate Weight, &c. 
Unit Re. A. P 
Chairs, middle, N. 8S. ee e+} cach 012 O | 24) Ths. each. 
93 93 .S. oe @e 7 0 12 @) 22} ” T) 
» endorjoint .. % ‘5 2 32 F146 og, 25, 
ite English, pee and twisted j 100; 9 5&5 O[ 1 y vy 
». 8. ee ae g9 HF] Db 0 13 99 $3 
; country, of sorts. = G 0 O | Condemned patterns. 
os and nuts, fish-plate, N. es 50 18 8 O | Ifa tbs. cach. 
i QO. 8. 1 5 16 8 O}lye yon 
Keys, middle oe ee ee --/1,000 | 50 0 0 
Sleepers, ashpit ee ee --| foot | 2 0 0 
» creosoted (square ortriangular) each | 6 O 0 
» cast-iron, Greaves’ bowl ee! 4 8 8 8 | One bowl, each 86 lbs. 
” ” xy tie-bar . | Py) 110 8 | Rs. 545 per ewt, 
~ . » gibs and cca ve 00 61, nn 
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Statement showing the weight and cost of permanent-way articles (Continued). 





Names of Articles 





‘ 


Sleepers, cast-iron Barlow’s flat, .. 


+> 
3 
” 
BD 
a3 


Denham’s C. iron-plate sleepers, 


Fish-plates, N. S. 


Rails, N. S., average es 
o Kreg 


crossing (any tic-bar), .. 


”» gum (Australian), 
Pe country, 
” iron-wood, : 
99 gal, oe 
teak, , 
« 


O. Ss. e@ 


» 24 feet, 


pe 
‘9 23 ” 


. s ry e s a 


; 2245 ia ~ 
” ” 21 ee ee 
93 93 20 a9 td ee 
7) » Jy, se ie 
s » 18 ,, Oe 
” 9 17 4 oe es 
” » 16 ,, -° sd 
93 ” 15 $9 “se oe 
” » 14 ,, . a 
. 8.,23 4, “fae 
” » 22 4 os Be 
‘3 2 ae a is 
” By 20 9 “ oe 
> yo 19 9? ee me 
+3 » 18 ,, is o-* 
” » (I7 ,, is ad 
% ie 1€ ,; <s os 
» Bridge, heavy, es is 
” ” light, ee «« 
» Barlow's saddle, 18 feet, es 
CROSSINGS. 

English or country, J in 7, at 
1 in 10, - 


” 9s 
Ransome’s patent plate, .. 
Chairs A, B, C, D, plain, 
check, E and F, 
fish-plates D,' 


” 


ee 
ee 


,on ae 


P| oe ee 
» Of sorts, country, «+ ee 
» level, crossings, .. ee 
Rail-win § ve oe ee 
sy wnCcer 20 feet, ee ee 
9 pointa, ae oe 
» check under 10 feet, as 
” 1) over 1 2 ry oe 


$3 
foot 

a? 
each 


Set 


3 


93 
each 
3 


21 
20 
19 


105 
125 
136 
4 

1 
11 
Z 

3 
80 
20 
40 
10 
15 


toead pre 
hom em Oo 


bt eed 
Le to fe SUS 


fond met ord pene pened bed fed tam 
DS — HO worst aioe Ms 


w 


t 


p— 
Qo 


Soooceracocexnace 


sZooecrcon 


oo: 


0 
6 


S MO octoa sr acetwoostocrcor 2 oh 


Cro eocosocowoeo 





Weight, &c- 





Each 114 tbs. 


2 bearing plates, 1 tie rod, 
2 gibs, 2 cotters, 4 bolts 
and uuts, The Royalty has 
not yet been fixed. 

104 lbs. each. 


13yhe 33 39 

73 ibs. per yard, 
S2 ly, 9 

82 33 33 

82 33 99 

82 99 99 

73 ibs. per yard. 
73 33 3 

73 > +2) 

73 ” ” 

a3 ” ” 

a 39 a3 

bee 33 %§ 

i3 3) a3 

70 $9 39 

45  ,, Other sizes Rs, 100 


per ton. 
98 Tbs. per yard; Ks. 130 
per ton, or Rs, 1-3-9 per foot. 


1 in7k; 83; 9. 
1 in 103; 12 
No chairs required. 


Ordinary crossinge are com- 
plete with— 
2 wing plates. 
2 check rails. 
1 point rail. [ each. 
A, B,C, D chairs, one 
2 fish-plate chairs, 
4X chairs, 
In some cases, a chair is 
omitted. 


"ROE SR TNC ma EG A a A EI SE TE TEA TUT LI TE DISTT BE GIDE ST PCE SILL TITTLE ELE NOES ED SES OT IEEE 


ON EXPERIMENTS WITH SLEEPERS AT HOWRAH, ETO. 


Statement showing the weight and cost of permanent-way articles (Continued). 
Names of Articles Rate Weight. &c. 


SWITcHEs. 
Uni. Rs. A YP. 
Switch-box with brackets, balls 
weight, brass bushes, wrought-iron 
lever connecting reds, pins, se 
bolts (fitted oval or square), com 


pleéte, ae ae each 50 0 0 
Switch, 3 throw, English or country 
complete, ve oe as » set. ‘270 @ O This contains 2? stock rails, 
4 tongue rails, 2 heel 
chairs, 10 slide chuirs, 
Switch, single, English, ee rods and bolts, 
complete, 6. os ‘ 124 4 O This contains 2 tongue rails, 
2 heel chuirs, 8 slide chairs, 
Switch, single, English or country, rods and bolts. 
complete, .. es a . 270 0 0 This contains 2 tongne rails, 
2 stock rails, & slide chairs, 
Switch-box, oval or square, .. « each 24 0 0 2 heel chairs, rods and 
bolts, 
or handle, .. «s o 38.0 ~=0 
i weighty, oe a 70 0 
39 dark, an . .. 2 ) 8) 
95 connecting rods, . 3.0 0 
brass bushes, .. 1 0 0 
Switch-rails, stock or back i mene 0 
left; English or country, .. < 30° 0 6 
Switch. rails, tongue, . os a ; 50 0 0 
mm Ashburny? 8, ta “3 36°40 6 
<9 chair toe, O P., a 2 0 O 
se heel (right or left), «. i & O QO 
PP » Ashburny’s, e. | F 8 0 
% slide, ordinary, o. 1 2 2 0 
i » Ashburny’s, ies 3 °8~=O 
Bolts for switch- chairs, 2 2 0 4 OG 
re locking switch with cotter, 0 6 0 
Sleepers, Barlow’s, cast-iron, with 
angle-iron tie-bar, .. e% -» ton {120 0 0 Ibs. each pair. 
Hollow iron keys, 3 ‘inches, Sek -- each ; O 2 9 
” ry] G 9 en eo Y 3 0 
ss a 8 ” oe er 0 4 0 
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TABLE II. 


East Invran Rariway. 


Main Linn. 


Statement of the cost of making and remaking the siding (2,000 feet in 
length) for the experiments with sleepers. 











! 
Details. Quantity, Rate. ! Amount, | 
! | 
Ph Unit, | Rs. a. Pp 
Karthwork, ee ve 06 [105,368 c.f. |e. sie 681 12 8 
Breaking ballast, ae eo | 3d,185c¢ | ] 100; 3381 14 0 
Dressing formation level, -. | 30,880 s. f. 3 10 91 283 
Levelling earthwork, .. i oe ate 36. 18 6 
Laying the road ve oe 162 49 
Lifting and packing, .. . 4 Po Se 174 14 6 
Supplying 100 hammers, e- 2) mds | 17/6 manna! 43 7 0 
Tool handles, .. Hs ‘ | 6 a 6 40 
Loading, unloading, spreading, | 
and dressing ballast, ~+ | 88,183 ¢. f _ 100} 476 10 6 
Loading, nuloading, spreading, ; 
and dressing rubbish, = ‘ 7,308 ¢. f. ‘ “ 106 91 5 6 
Repairing siding, os ac ie ~~ 171 738 
“ breaches, .. : wis sc Wl4 53 
Breaking, spreading, and leycl- 
ling kAhoa, .. ee es ro ve 152 14 6 
Breaking, removing, and spread- 
ing kava, .. ee os ae s 189 11 6 


Total .. Be ee ee ef 2,714 14 9g 
Add superintendence, at 10 per cent., —-- «> | 27013 9 


eterhitiatacmrts 





GRAND TOTAL, oe (2,985 22 6 
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REPORT ON THE DEFENCE WORKS IN THE RIVER 
INDUS AT KHARAKWALAH IN THE DERA 
GHAZI KHAN DISTRICT, FROM DECEMBER 

1876.TO MAY 1877. 
[ Vide Plates I., I. and UII.) 


By T. E. Ivens, Esq., C.E., Exrecutive Engineer, Dera Ghazi Khan 
Division, Indus Canats. 


Tse changes that occurred in the bed of the River between 1874 and 
May 1877, are shown in Plates 1. II. and III. 

Account of the river and its erosion since 1874.—-The cutting action 
of the river on its right bank about the village of Tranda commenced in 
December 1874, and continued with more or less violence till February 
1877, oscillating between points opposite the Kharakwalah Chauki and 
the head of the Shoria Canal. The great inundation band was reached 
and cut into in July 1875, the spill water being kept back and prevented 
fram spreading in all directions over the country by the Kote Daud 
band which had been raised the previous cold weather. 

River Works at Kaluwalah, results and subsequent plans.—In the work- 
ing season of 1875-76 the erosion below Kharakwalah still continuing, 
defence works in the river were started opposite the village of Kaluwa- 
lah with the object of turning the direction of the main stream on to its 
left bank and thus reducing the violence of the current below Kharak- 
walah. These works, however, did not in the main prove successful, and 
the erosion continuing with unabated violence, the idea, as first proposed 
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of constructing another dand at the back of that of the Kote Daud was 
laid aside, and it was determined to run out a series of solid spurs from 
the right bank of the river starting from sites on the bank a little on 
the up-stream side of the points of impact of the several streams which 
together formed the main current of the river. 

Spur No. J.—Operations were commenced in November 1876 on three 
main spurs. The first started from the end of the great inundation 
bund and ran across a creck to a distance of 400 fect. This creek 
flowed at the time with a small velocity, of about 14 feet per second, 
between the hard bank and a succession of sand banks or islets running 
north and south. At 400 feet the main stream was reached, here the 
current was 24 feet per second, 

Spur No. (7.—Syur No. LL. left the bank at a point 2,200 feet below 
No. L, here the current was running at the rate of 6 to 7 feet per second 
the depth of water being from 16 to 20 feet. When work was com- 
menced the erosion was here more violent than at any other part of the 
river bank, but the spur most cffectaally checked it and prevented what 
otherwise would have been the oase, the outflanking of the third spur 
on its upper side. 

Spur No. 77.—Spur No. TIL. was luilt 3,800 feet below No. II. and 
1,600 feet below the end of the loop line éaxd as it then was, the river 
running at a velocity of 6 feet pur second the depth of water being from 
16 to 18 feet. 

Spurs Nos. la and 2a, and date of commencing work. —-Subsequently 
two smaller Spurs numbered la and 2@ were also run out, the former 
between the main Spurs Nos. J. and IL. 780 feet beluw the former, the 
latter starting from the end of the loop Ime band. These several 
works were commenced, the main ones, No. I. on the 22nd December, 
1876, No. IL. on 4th January, No, LIT. on the 13th December, and were 
run out to lengths respectively of 430, 120, and 160 feet long. The 
smaller (pur No. la was commenced on the 17th Vebruary, No. 2a on 
29th December, their lengths were 30 fect and 50 feet respectively. 

Total length of spurs —The aggregate length was therefore 790 feet, 
of this Spur No, I. is classed separately, the conditions as to depth of 
water and velocity being different from the other four. In the former, it 
is mentioned above, the velocity was only 14 feet per second, the maxi- 
rmoum depth of water being only 10 fect, the minimum at both ends nil. 
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With the other spurs the mcan depth was from 16 to 20 feet and velocity 
of 5 to 7 feet per second equal to 34 to 5 miles per hour. Of the ag- 
gregate 790 foct therefore 360 belorg to the first class, 430 in Spur No. I. 
to the second class. 

Mode of constructing spurs.—The mode of operation in constructing 
the spurs was as follows:—The site and direction having been chosen, the 
latter averayed between 110° and 120° with the stream, trees of the 
largest size that conld be obtained with all their branches and leaves 
untouched were thrown over, at first from the hank, afterwards as the 
work progressed from off the sides of boats. The trees were all cut and 
dragged to the site of the works from the adjoining fields, which most 
fortunately were very wooded and thereby the work was done at a moderate 
cost, the amount of compensation paid being only Rs. 255. This of 
course is a mere fraction of what the trees wonld have cost had they been 
paid for, over 2,500 trees of all sizes having been cut. The above award 
was given for trees that grew uear wells or near gardens and which the 
people were Joth tu part with. No doubt the object’ fur which the trees 
were wanted, had a great deal to do with their having been obtained for 
nothing, the ground from which they were cut being that which it was 
desired to protect, 

Trees.—The trees having been cut they were brought to the site of the 
work by bullocks, as many pairs as were required being yoked to each 
tree, ranging between one pair ty two small trees, to asinany as @ maxi- 
mum of 16 pairs to one tree, some of the largest being 25 to 35 feet in 
height. Altogether 6,400 pairs of bullocks were worked at a total cost 
of Rs. 3,200, this forms the heaviest sub-head, being rather more than 
one-fourth of the total expenditure. 

How loaded.—Thie tula, tamarisk, was the tree most extensively used, 
afew shisham, kikar, ber and others were also brought down, but in 
very small numbers. The tree was next loaded, this was done by means 
of ao net lashed to the trunk of the tree at the point of its centre of 
gravity, more or less, the net was then filled with stones suitable to the 
weight and size of the tree, the maximum weight of the stoues for one 
tree being 80 to 35 maunds. The tree was then thrown over into the 
water a little up-stream of the place where it was desired that it should 
lie when reaching the bottom, this of course depended on the strength of 
the current. 
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Stones.—The stones were brought from the Sori torrent about 12 miles 
off. The average weight of one was from 80 seers to one maund, they 
wero brought on camels at a total cost of Rs. 1,621, for this sum nearly 
84,500 maunds of stone were carried, this gives an average weight of 
stone on each tree of 14 maunds. , 

Superstructure.—This process continved until the trees began to show 
out of the water, on the top of them were placed smaller trees, large 
branches and layers of brushwood, until a fairly even surface was ob- 
tained from 8 to 5 feet. Above water surface, this layer which necessarily 
was a loose mass was then weighted down with long and heavy trunks of 
trees without their branches, the togs being laid on until the upper side 
of the layer had settled down to a level with the water. The process was 
again repeated, and layers kept on being built up until the mass had 
finally consolidated. Instead of trunks of trees, sand bags were in some 
cases used, they served very well to form the top roadway, once all set- 
tlement had ceased, and the bag of sand was not likely to be reached by 
the water. The length of the bags were 3} feet, so that two bags placed 
lengthways across the spur formed a convenient roadway of 7 feet. The 
bags when full contained 5 cubic fect of sand weighing about 8} maunds, it 
was not pure sand but was partly mixed up with clay, 500 bags were 
thus ased at a cost of Rs. 175. 

Mode of construction, continued.—As the foundations appeared above 
water, and the top layers and roadway of the first section were being formed, 
the work of advancing the foundations ahead progressed, but the loaded 
trees, instead of being launched from the end of the spur or pier, were 
taken out in boats and thrown overboard, the boat being brought into 
position by means of two cables, one on shore, one fastened to a buoy 
anchored at some convenient place in mid-stream. 

Unloading the boats.-No particular means were used in discharging 
the boats of their cargo of weighted trees. A projecting platform was 
at first tried resting on the side of the boat, which also served as an axia, 
the platform being made to tilt over, when it was desired to drop the 
tree. But the trees varied so much in size, and with their branches 
took up so much room that the original plan was found the most conve- 
nient, that of placing the tree across the boat, the trunk being inwards 
and the middle of the tree resting on the boat’s side, so that at a given 
signal and withont any trouble the whole mass could be thrown over. 
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Spur No. 17.—The first Spur undertaken was No. TIL., the conditions 
of the river being as mentioned in page 2. In four days a length of 100 
feet had been made up to the water level, the average width being 22 feet 
and depth of water of 18 feet making a total cubical content of 40,000 cubic 
feet. This mass, by no means a solid one, but interspersed and crossed in 
every possible direction by the trees, immediately checked the velocity of 
the stream and 10 days after it was commenced, the silt on its down-stream 
side had reduced the depth of the water from 16 feet to only 5 feet, equal to 
a silt deposit 11 feet in depth and extending down the river bank to a 
distance of about 8 times the length of the spur or between 800 and 900 
feet. ‘The work was continued to the full length of the spur and the 
roadway was made up to a level with the natural ground about 6 feet 
above water. This level was maintained and kept up by a small party 
of six men in rencwing any portion of it where settlement occurred. 

Rise in the river and its effects.—On the 24th January arise of 1:7 feet 
in the river caused the top structure of this as well as all the other 
spurs to settle down very considerably, in places below the water level, 
these as before were quickly renewed. But the chief effects of the rise 
was @ marked change at this part of the river after it had subsided to its 
normal level. The thread of the stream both above and below the spur 
had shunted off from the right bank nearly into mid-channel, and it seemed 
quite clear that the effect of the current off the end of the spur in the 
direction more or less of the spur itself had deepened the bed of the river 
and so prepared a deep stream to which the river subsequently took. 

Changes in the river and how ejfected.—This I believe to be the only 
way in which the general direction of the river is affected. Spurs hke 
these protect the bank for a very considerable distance depending very 
much on the shunt off they give the stream, the one No. III. caused 
the silt to deposit for more than a mile below it. But besides this pro- 
tection, the direction of the siream is affected by the alterations which 
occur in its bed due to increased velocity at the end of the spur, and to 
scouring out. A succession of spurs therefore form a succession of chan- 
nels or deep beds running out mid-streamwards, and when a freshet comes 
down, thereby increasing the velocity in the river, it cuts away as it were 
all the higher portions of silt between those channels, and so makes the 
mid-stream the deep bed of the river. 

Point of impact of river—About a fortnight after Spur No. III. had 
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been completed it was found that oscillations of the river had moved in 
an up-strcam direction and that the end of the loop line band was being 
most violently attacked by the erosion. It was found necessary to start 
Spur No, 2a, this spur effectually checked the cutting for some time, 
but the set of the stream continuing upwards and cutting out a long deep 
bay above the Joop line dand eventually got round the heel of No, 2a 
Spur and formed a channel between it and the bank. By this time the 
effects of No. IL Spur had begun to act on the portion of the river be- 
tween it and the loop line and the cutting action ceased about the end 
of January or three weeks after the spur had been commenced. It was 
not therefore necessary to keep up Spar No, 2a and it was allowed to go. 

Spur No d.—In the meanwhile No, I. had been progressing. The 
impact of the river in the beginning of February following the same rule 
throughout, had again continued up-stream and its action was now most 
violently felt between Spurs Nos. I. and IL., it was therefore considered 
necessary to check it for the safety of Spur No. IT., and on the 17th 
February, No. 2a, a short Spur, was run out. The velocity at the time on 
the up-stream side of No. TL. Spur had increased to nearly 9 feet per 
second, and erosion was going on with much force for a reach of 1,000 feet 
above it. Twice the spur was breached but fortunately with no permanent 
result, the breaches having been closed as rapidly as possible. 

No. £, continucd.— By the Ist March, No. I. Spur had attained a length 
of 300 feet and a few days later its fill length of 400 feet, the last 100 
feet having been built on the sand bank. Beyond the sand bank the 
water deepened rapidly, neither was it found necessary to prolong the work 
any more. Towards the middle of March the erosion, continuing as 
always, up-stream, set in without much violence opposite Spur No. I, and 
by the 2nd April when its longth was measured it was only 207 feet. 
It was not found necessary to make it up again, as this could only have been 
done at great cost, and on its down-stream side the thread of the stream 
was directed off the bank, the additional length of spur was therefore not 
required for the protection of the others lower down. Subsequently the 
erosion ceased altogether, and on the 2nd April the spur measured 180 
feet, this portion was kept up with a roadway on the top at level of na- 
tural surface. 

No. 2a carried away.—DBut the crosion mentioned above bad attacked 
the next Spur No. 2a, with so much force that it was finally carried away 
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on the 16th March. Before being finally washed down, it had been twice 
breached and twice repaired, and a large number of trees had been an- 
chored out at its head in order to save it, but once the erosion ceased 
higher up at Spur No, I., and the force of the stream was off the bank it 
was not considered necessary to keep it up. 

Spur No. LI. attacked.—Spur No. U1. which was originally 120 feet 
long lost 10 feet at its head by Ist March, on the 2nd 40 feet more had 
got completely submerged, but this was repaired and made up to its first 
level. Again the end of it sunk, and as the current also lessened very 
much here, it was not necessary to keep it np to the full length, the first 
&0 feet were strengthened and by the 2nd April, the velocity past the spur 
-had very considerably decreased and no further apprehensions were enter~ 
tained at this point. 

Spur No. I7f.—Spur No. VIL. was partly carried away and a length of 
110 feet was maintained and strengthened, 

Changes tn the direction of the river.—By the end of April, the main 
stream had left the right bank as far as the loop line band, Spurs Nos. 
I. and LI. were lying almost in till water, No, III. had all the fighting 
to do as the impact of the river was on that part of its bank near the 
band from which it turned off sweeping past No. IIT. Spur with a very 
high velocity, and finally going off in an easterly direction. 

eurther changes.—Vy the Ist May the only part of the west bank, viz, 
the end of the Joop line band was also abandoned by the river which took 
the straight course shown on Late LIL., and made the result of the 
works undertaken during the previous o months # most complete success. 
The sites where the spurs were constructed are now a succession of larye 
sand banks which have been raised to within 2 feet of the level of the 
adjoining ground by the silt deposit during the six months of May to Octo- 
ber when the river was in flood. The floods having been much lower 
than usual this year the silt did not deposit to so great a height as it 
would have in ordinary seasons, that is up to the level of the ground. 

Brownlow weeds.—The casks mentioned in the statement of cust uf the 
works were used in making up the floating weeds known as Brownlow's 
weeds. These were anchored out in continuation of the spurs, but not in 
sufficient numbers to prove of much effect. ) have worked with them before 
but never with satisfactory results, and before this could be attained im a 


river like the Indus it would require a very large uumber indeed of the 
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casks and weeds, in fact a regular forest of them if it was intended that 
by their checking the velocity of the water, a deposit of weeds, rubbish, 
silt, &c., should be formed, a small number of them is of no use, and as 
TI did not use more than 2() at a time in the works at Kharakwalah, no- 
thing was gained by them. 

Coat of worts.—A statement accompanies this report showing the cost. 
of the works under the two heads of Spur No. I, and all the others in a 
lump. The cost includes all expenditure from the time they were com-— 
menced up to completion and forms a very fairly accurate estimate for 
other similar works under the same conditions, where the conditions differ 
rates of work can be deduced. From the statement we find that the cost 
per running foot of Spur No. I., was Rs. 6}, other Spurs Rs. 254. Tak- 
ing the cubical content of the two classes the first cost Rs. 34 to 4, the 
second Rs. 7 per hundred cubic feet. The labour cost about three-quarters, 
the materials about one-quarter, of the whole cost. 
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No. CCLXXXTI. 


THE GOON CONCRETE BRIDGE, DALHOUSIE AND 
LUNSU ROAD. 
[Vide Plate}. 


By Masor T. C. Manperson, R.E., Hxec. Engineer, Dalhousie 
Division. 


Tuis bridge was commenced in November 1876 and completed in Sep- 
tember 1877. : 

The span is 66 fect and the rise of the arch (segmental) is 11 feet. 

The width of the concrete arch is 15 fect 3 inches, thickness at crown 
3 feet 8 inches, and on abutments 6 feet. 

The width of the roadway inside parapet walls is 13 fect 3 inches. 

On the right bank of the torrent, the abutment of the bridge, (com-~ 
posed of rubble masonry,) is founded on rock at a depth of about 16 feet 
below the springing level of the arch. The concrete arch rests on this 
abutment for a length of 16 feet. 

On the left bank of the torrent, the concrete arch rests on solid rock 
for a length of 8 feet 6 inches. 

The masonry of the right abutment of the bridge consists of roughly 
dressed stones of various descriptions, set in mortar, composed of equal 
parts of stone lime and pakka surkhi. 

The superstructure masonry is of the same description of stones, set 
in mortar, composed of two parts lime, to one part of surkhi. The quoin 
stones of the masonry on right abutment, however, are of chisel-dressed 
blue sandstone. 


The lime and surkhi were measured and mixed dry, and afterwards 
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ground together in native flour grinding mills, worked by water-power, 
about 50 yards above the site of the bridge. 

In building, the stones for the masonry of the abutments, &c., after 
immersion in the torrent for several hours, were plastered over with 
mortar on all unexposed surfaces before being laid, and were rammed 
into their places with wooden rammers. 

The left abutment was prepared by blasting and picking out a place of 
the required dimensions in the solid rock. 

Whilst the right abutment was in course of construction and the pre- 
paration of the left abutment in progress, a centering composed of dry 
stone, carefully packed, was being built up across the bed of the torrent. 
The height of this centering ranged up to 28 feet. 

In the bottom of this dry stone centering, three waterway channels 
were constructed, viz:—-One 5 feet span, 1] feet high; and two 3 feet 
span, and 3 feet high. 

The centre waterway of 5 feet span was covered over with a dry stone 
arch, and the smaller waterways with Jarge stones, 

The faces of the centre had a batter of 1 in 4. 

The top of the dry stone centering was finished off with the same 
curve as the intradus of the concrete arch, which was to be rammed on 
top of it. 

' The width of the stone centre at top was made snfficient to allow of 

the construction of dry stone walls above it, with vertical inner faces, 
(and with ao batter of 1 in 4 on the outsides) within which the concrete 
arch was to be constructed. A dry stone wall was also constructed at 
the end of the right abutment. 

The inner faces of the walls built on the top of the centering and also of 
the wall at end of right abutment were plastered over with mortar, com- 
posed of one part lime to one and a half of surkhi, the object of the plaster 
work being to admit of the ready removal of the dry stone walls without 
injury to the faces of the arch, and also to allow of the curves of the 
layers of concrete being accurately marked on the surface of the plaster. 

The top of the centering was concreted with coarse concrete, composed 
of one part mortar to five of ballast, laid on, of the necessary thickness, 
to produce the required curve of the intrados. 

After this coarse concrete had been rammed and brought to a moder- 
ately smooth surface, small stones from the bed of the torrent were 
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sprinkled over it and rammed into it, the object of this being to facilitate 
the removal of the centering without injury to the under surface of the 
arch. , 

After this centering had been completed an unusually high flood, ris- 
ing above the level of the top of the centre waterway channel caused 
extensive scouring under the walls, and it was found necessary to under- 
pin them with dry stone, raise the floor of the waterway channel 4 feet 
as additional security, and form an extensive apron of stones thrown into 
the bed of the torrent on the down-stream side. 

The construction of the concrete arch was next commenced. 

The concrete was compused of one part mortar to four parts of ballast. 

The mortar of the three lower layers of concrete consisted of three 
parts lime to two parts of surkhi, and for the upper ten layers, of two 
parts lime to one of surkhi. 

The lime and surkhi were mixed dry, and afterwards ground together 
in native flour mills. The ballast was quartziferous rock, in size vary- 
ing from coarse sand up to 24 inch pieces. This ballast was found in 
the bed of the torrent, about 400 yards below the bridge site. It was 
produced in the course of construction of the road, by the precipitation, 
from a great height of the rock blasted, from the hill side, into the bed 
of the torrent. 

This class of ballast gave a low percentage of interstices, and the con- 
crete could not be rammed down more than about 20 per cent. 

The first layer of concrete was 6 inches thick on abutments and over 
arch, all the other layers were 4 inches thick at the crown and 7 inches 
on the abutments. To admit of these layers being accurately spread, 
curved lines were accurately drawn on the plaster on the inner faces of 
the walls on the top of the centering. 

The ballast used at the crown of the arch was finer than that used to- 
wards the haunches. Roughly speaking the ballast at the crown did not 
contain larger than 1} inch pieces, whilst at the haunches they ranged 
up to 24 inches. 

In all there were 13 layers rammed in this arch. The actual thick- 
ness of concrete laid on at crown was one 6-inch layer + twelve 4-inch 
layers =: 54 inches, this was rammed down to 44 inches; on the abut- 
ment there was one 6-inch layer ++ twelve 7-inch layers = 90 inches, 
and this was rammed down to 72 inches. 
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From the crown to the abutments, therefore, the reduction due to the 
ramming increased from 184 percent. to 20 per cent. 

The concrete was mixed in heaps of 4 cubic feet of ballast to 1 cubic 
feet. of mortar paste, and it was mixed only as required. The ramming of 
the layers of concrete was effected with ordinary iron road metal rammers, 
and it was carried on until the consolidation was such, that no visible in- 
dentation was left on the surface of the concrete by a heavy blow, evenly 
dealt, with a rammer. 

It took on an average three days to mix and ram a layer. 

The spreading of the concrete and ramming were commenced from 
the crown of the arch and carried on to the haunches. 

Mortar and mortar wash were used as required, to supply any defici- 
ency of matrix or moisture. 

Before spreading a layer of concrete, the side walls above the center- 
ing were “daubed over” with mortar to guard against any deficiency of 
matrix in those places where the ramming was most dfficult, 

The concrete arch was commenced on the 9th March and completed 
on the evening of the 4th May. The construction was much delayed by 
heavy and continuous rain-fall. Of the 57 days between the date of com- 
mencement and the date of completion of the arch, work had to be 
entirely suspended for 14 days. The actual time occupied in construc- 
tion being 43 days and 11 nights. 

On the morning of the 6th May, a flood which caused a heading up of 
the torrent to a height of 3 feet over the top of the concrete abutment, 
carried away a large portion of the centering. Again on the 9th May, 
another flood cleared out still more of the stone centering and the remain- 
der was removed a short time afterwards. This sudden and unexpected 
removal of the centre caused no damage whatever to the concrete arch, 
and saved part of the cost of the removal of the centre. 

The spandrel walls above the concrete arch. were commenced on the 
26th May, and the dry stone filling between them packed on in the month 
of Angust. 24 

Selected stones from the remains of the centering were used in the 
construction of the spandrel walls, dry stone backing of the arch, &c. 

For dimensions, see Plate attuched. 

The Bridge is intended to bear cart traffic, and cost Ra, 6,722. | 

T. 0. M. 
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NOTE ON DIFFICULTIES IN CONSTRUCTION OF A 
TUNNEL, HOLKAR RAILWAY. 


By the Engineer-in-Chief, Holkar and Neemuch Railway. 


Tonner. No. 2 of the Holkar State Railway is situated on the 674 mile 
from Khundwaon the 1 in 40 incline. The length of the tunnel is 115° 
yards, all of which is lined. 

The character of the formation throngh which Tunnel No. 2 passes is 
very peculiar, consisting of what appears on tbe outside to be fairly co- 
Jamnar basalt, the columns of which are very high, in some cases as much 
as 40 or 50 feet, but are so irregular, that they may more properly be 
described as aseries of cones, some held together by the clay in the joints, 
while others are retained in their position by pressure. 

In running the heading, the material met with showed no tendency to 
slip, attributable no doubt to the dimensions of the heading, these being 
only about 6 x 6 feet in section. Throughout its length blasting was 
necessary. 

No difficulty in working out the full section of the tunnel was there- 
fore apprehended, and the complications and difficulties which have since 
been experienced only became apparent when the open cuttings at each 
end were completed; the material then appeared sound enough to tunnel. 

Tunnelling operations were commenced on the full section in June 1876, 
but on the 8rd July 1876, at 8 4. m., when the work was being pushed 
on day and night with both ends shored up to avoid risk, both faces slip- 
ped almost simultaneously ; such a coincidence could hardly be expected 
to occur, but it was no doubt caused by the heavy rain which fell on the 
ist July, and this percolating through the joints, caused masses of de- 

basalt to slide. By this accident 14 men were shut up inside 
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the tunnel for about 9 hours, when a small drift was made through the 
débris sufficient to allow of the 14 men being drawn out, happily with 
no worse result than that of having been shut up under ground for 9 hours 
in a confined space. 

It became necessary to shore up both the faces exposed by these slips 
in a very substantial manner, and the cast face presenting the worst fea- 
tures was shored up from top to bottom, to a height of about 60 feet, 
with baulks of teak 14 inches square in section, the uprights and raking 
struts being all firmly wedged up against the face of the tunnel. 

In August 1876, when everything was again ready for a fresh start 
and all the débris had been removed, another vertical slip, carrying all 
stagings with it, occurred, and the work was stopped. A third time 
shoring was put up, and material delivered at site to enable the lining to 
be carried on, but just as the centre line was being staked out to allow the 

*masonry to be started, another slip at each end occurred and stopped 
progress. The cause of the slips was that the clay fissures becoming wet, 
allowed the blocks of murum to slide; these blocks were all in the shape 
of cones, and a disturbance of one was generally followed by the fall of 
a very large mass. 

It was not till the commencement of the cold season of 1876-77 that 
the shorings were completed, when it was thought that with dry weather 
the difficulties or delays caused by slips would cease; the débris were 
cleared out, and the sides widened to full section, portions that exhibited 
a tendency to slide were all shored up; horizontal timbers resting upon 
uprights were advanced inside the tunnel, and a length of about 50 feet 
of lining outside the east face of the tunnel having been finished, a fresh 
length of 12 feet was started, and the side walls of this made ready for 
centres and for arching. 

On the 4th December 1876, when the centres were being put up clpse 

. to the mouth or face of the tunnel, the whole of the face from top to 
bottom of cutting slipped, carrying with it all the timbers and smashing 
most of them to pieces, and shutting up inside the tunnel heading 10 of 
the men who were engaged on their erection. The west end had been 

glosed by a slip some time previously, and the débris had not then been 
cleared away. The hope of relieving the men from the east end was so dis- 
couraging, that no attempt to get in from this end was made, as the quantity 
of material to be removed, and the large quantity of timber known to be 
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in the shorings would have interfered with progress and prevented access 
to the heading for several days. Every effort was accordingly made to 
communicate with the men from the west end, and a gallery was pushed 
in for a short distance, when part of the broken timber staging stopped 
the progress. At the same time the upper portions of the cliff gave in- 
dications of afresh slip. Attempts were made to pull down some of the 
top pieces of rock by means of tackle worked from below, but little pro- 
gress was made, for as fast as the débris were removed, more of the face 
fellin. By removing the délris as fast as the gangs could work, a small 
hole leading into the heading was struck, and communication was made 
with the men inside, who were then with the greatest care drawn through 
the aperture all safe after having been shnt up in the heading for about 
80 hours. This accident, irrespective of the difficulty experienced in re- 
lieving the men, and the disappointment of the work being again delayed, 
was the worst one that had occurred. 

As a result of these slips, the débris had to be carried away through 
the portion of the entrances already lined, and with broken timbers and 
centres all jumbled together in a working face of 16 feet, progress was 
delayed, while the face hecame worse by time. An endeavour was made 
to advance the work on both sides by 6 feet lengths,*so as to carry on 
the lining part pussu with the widening and clearance of the entrance, 
but this failed from the faces becoming too dangerous for the men to 
work beneath. 

As the early opening of the through line to Mhow depended upon the 
completion of this tunnel, a special Committee wus assembled on the Ist 
February 1877, to devise measures for the prevention of further mishaps, 
and for the safe and rapid prosecution of the works, so as to endeavour 
to have the tunnel in a state which would admit of trains working through 
it with safety during the monsoon of 1877. 

After careful consideration of the importance of opening the Ghat sec- 
tion within a reasonable period of time, and bearing in mind the means 
which have been adopted in the construction of tunnels on other railways, 
the Committee recommended that an open cutting should be made through 
the spur, arching put in, and murum filled in over the arching to act 
4s a cushion. | 
‘On receipt of the Report of the Committee, the Government of India 
approved of the substitution of an open cutting, and arching over the line 
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of railway for the originally proposed tunnel, but at the same time sug- 
gested that the prudence of turning heavy arches over the approaches to 
the tunnel should be considered, as if ships were rendered harmless by the 
adoption of this measure in front of the faces of the tunnel, it might be 
possible to proceed with the closed cutting, and with greater safety than 
the proposed open one. 

It was, however, found that no advantage would be gained by tarning 
heavy arches over the approaches to the tunnel, as when the excavation 
forward and down from the surface proceeded, there appeared no change 
in the nature of the material which rendered it so liable to slip on the 
faces, and it was not likely that harder material would be met with, and 
that consequently tunnelling operations could not be renewed; the result 
has justified the opinion. 

By the end of April 1877 about GO feet in depth of cutting had been 
done, and preparation made to line about 50 feet of west approach. The 
work was vigorously pushed on to a depth of about 100 feet, when the 
following slip stopped its progress for some time. 

On the 14th September 1877 the central portion of the upper or 
northern slope of the cutting at about 75 feet from the top bulged out 
for a distance of about 100 feet and fell in, completely filling up the por- 
tion excavated to a height of about 75 feet above the formation level. 
The excavation previous to the slip had been almost completed to a level 
of about 15 or 1% feet above formation, and a length of lining of 12 feet 
had just been completed, and before this latter could be covered over with 
filling, a ‘large portion of detached rock struck it, and broke part of it. 
The centres had not been removed and two of these were smashed. 
About 30,000 cubic feet of stuff fell in, but fortunately no one was at 
the time in the cutting, or escape would have been almost impossible. 
It took nearly six weeks to clear the débris of this slip. 

Since this date no scrious accident occurred and the progress was un- 
interrupted, and on the 20th December 1877 the tunnel was made ready 
for the necessary inspection before opening. 
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CCLXXXITT. 
LIMES AND CEMENTS, 


By P. Desoux, Esq., Exec. Fngineer, Cements Division. 


To the Editor Professional Papers, 


Calcutta, 78th May 1878. 

Dear Sin,—I have the pleasure of sending you a printed copy of a 
Paper on Limes, Cements, &c., I have just sent to Government for cir- 
culation, thinking you should like perhaps to reproduce it in one of the 
Numbers of the Professional Papers on Indian Engineering. 

I will also send you in a short time a rather long paper on Manufac- 
ture of Portland Cement in India with any kind of limestone, including 
kankar, &c. 

2. I need add that while Part I. of the paper is, more or less, based 
on theory, Part IL. contains practical remarks concluded from experience 


as well as theory. 
P. D. 


Part I.—PAPER ON LIMES, CEMENTS, SANDS, SURKHI 
AND MORTARS. 


Ist,—-/nduration of fat time. 


1. If pure lime is dissolved in water and left exposed to air, the 
carbovic acid combines very speedily with the lime, and the carbonate 
of lime formed gets precipitated as pellicles, which adhere strongly to the 
solid bodies coming in contact with them. 

2. Ifthe lime instcad of being dissolved in water is left exposed to 
air and gets dry quickly, it absorbs the carbonic acid, but the grains of 
carbonate remain separated without adhering to each other. 
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2nd.—Induration of a mortar of fat lime and sand. 


1. If such mortar is immersed, or kept in a place always damp, the 
lime after a time dissolves entirely and sand alone remains. 

2. If the mortar is allowed to dry quickly, the lime rapidly absorbs 
the carbonic acid, and the result remains in a mixture of sand and calcare- 
ous powder not adhering together. 

3. If otherwise the mortar is kept in a proper state of moisture, the 
lime dissolving slowly will absorb the carbonic acid. 

The carbonate will not be washed away, but on the contrary get deposi- 
ted as a kind of varnish on the grains of sand. 

The water then in presence of the excess of lime remaining will dissolve 
another smal] quantity of it, which, being transformed also into a carbonate, 
will adhere to the first coating strongly. The process will continue in 
the same manner until the entire induration of the mass of mortar. 


3rd.—Lijject of sand on mortars. 


1. The effect of sand is purely mechanical, and no chemical composi- 
tion between the sand and lime takes place. 

2. It facilitates the passage of the carbonic acid through the mass. 

3. If it has sharp angles, it gives a good hold to the carbonate formed 
by exposure to air, and increases the degree of cohesion of the mortar. 

4, The strength of a mortar of fat lime increases proportionally from 
4 to 2 parts of sand for 1 of lime. 

5. The sand must be coarse and sharp. In fact, the sizo of the 
grain of such sand ought to vary from ,!,2; to +, of an inch. 


4th.—Surkhi as a substitute for sand. 


1. In places where good sand is not obtainable, the best substitute for 
it is “‘surkhi,” the powder of well burnt bricks. Indeed, the harder the 
bricks are the better will the surkhi be. 

2. It will then act similarly to sand as an inert matter, not giving any 
hydraulicity to the mortar. 

3. The size of the grains of such surkhi ought to vary from +43, to 
rho of an inch. 


oth.—Induration of hydraulic lime. 
1. An ordinary hydraulic limestone contains silica, alumina, carbonate 


of lime, and small proportions of oxide of iron, magnesia, manganese 
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and sulphate of lime, which generally cannot have an appreciable effect 
on the setting of the lime. 

2. When calcined, silicates and aluminates of lime are formed and some 
hydrated lime remains with the other foreign matters. Upon being made 
into paste by the addition of water, the silicates and aluminates of lime 
get hydrated and crystallize afterwards, and therefore harden. Some of 
the hydrated lime gets transformed into carbonate of lime, and some dis-~ 
solyes in proportions varying according tu the quantity of silica and 
alumina contained in the lime, forming either smaller or larger proportions 
of silicates and aluminates of lime. 


6th —Induration of hydraulic mortars made with fat lime and properly 
burnt clay or puzcolunna. 


1, If a fat lime is mixed with a certain proportion of pure clay burnt 
to the proper degree, the same reaction as fur bydraulic lime takes place 
in the setting of the mortar, with the difference that, if enough powder of 
burnt clay is mixed with the fat limo, almost the whole will be transformed 
into silicates and aluminates of lime, provided it is either immersed or 
kept in a place always damp. 

2. A mortar of first rate puzzolanna and a suitable proportion of lime 
will therefore have very little lime dissolved, and will be less porous than 
a mortar made with bydreulic lime and sand. 

3. It may be said, however, that, on account of the great difficulty of 
burning clay or puzzolanna to the exact degree required for the maximum 
power of combining chemically with the lime, a good hydraulic lime is 
preferable on the whole. 

4. The proportions in which surkhi ought to be used for different sorts 
of lime will be found in Part II. 


@th.— Remarks on surkhi made of burnt clay or of cammon bricks. 


1, As it has been stated in Chapter 6 that half burnt clay combines 
chemically with fat lime, it is necessary to explain now why the clay must 
be so burnt. 

2. Let us, however, first define pure clay. 

Pure clay.—1t is a clay which should be free from sand and carbonate 
of lime, or, if it does contain both, it should not be more than 5 per cent. 

Clays are bydrated combinations of silica and alumina. 
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The degrees of calcination which give them the maximum of hydraulic 
properties have been found, by experience, to be the same as the degree 
of calcination required for expelling entirely the water contained in the 
clay. Therefore to transform clay into a kind of puzzolanna, the theoret- 
ical calcination must be regulated so as to expel the last particle of water 
without exceeding 1100° to 1300° Fahrenheit. This is what Vicat calls 
“ cuisson normale” (normal burning). 

3. Impure clays containing sand, carbonate of lime, &c., and brick- 
earth.—A calcination lasting a longer time than for pure clay, to a tem- 
perature varying from 1300° to 1500° Fahrenheit, is required for expel- 
ling the carbonic acid, &c., from such clays. The fact of requiring a 
higher temperature is the cause of the inferiority of the surkhi made 
with common bricks. : 

4. From the above it is to be considered that surkhi made with pure 
elay or common brick-earth requires ouly a slight calcination, ~ 

5. However, the practical hints for burning clay to the proper degree 
will be found in Part LI. 


8th.—Induration of cements, either natural or artificial. 


1. Cements set quicker than any hydraulic lime, and their hardening 
increases much more rapidly, 

2. This is due to the fact that in cements very nearly the whole of the 
clay and lime is transformed into silicate and aluminate of lime, cither on 
account of the large proportion of clay contained in cements of the qual- 
ity of Roman cement, or on account of the nee temperature to which 
cements like Portland are burnt. 

The silicates and aluminates get hydrated very quickly, and then crys- 
tallize in a very short time, in comparison with hydraulic limes, which 
always contain an excess of lime not combined. 


9th.—~ Limeé-cements. 


1. A great many kankars or ghooting stones in India can be considered 
as containing a mixture of hydraulic lime-cement, more or less quick-set- 
ting, and a certain quantity of free sand and clay, which act when burnt 
as inert matters. 

2. The kankars generally slake very little, and require always to be 
zround fine either before or after slaking. 

3. These kinds of lime-cements ought to be used only with sand or 
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extra burnt surkhi, but the admixture of half burnt surkhi would be 
very prejudicial to the strength of mortar after a certain time. 


10th.—LHydraulic limes or cements containing sulphate of lime. 


1. According to Vicat, Rivot, and other authors of treatises on limes, 
any hydraulic lime or cement containing a rather large proportion of sul- 
phate of lime cannot be considered of good quality. . 

2. MRivot mentions that, from the experiments made up to 1876, it 
has been impossible to fix exactly what is the largest proportion of sul- 
phate of lime which can exist in a lime without injuring its hydraulic 
properties and the stability of the mortar immersed. 

3. WVicat says that any limestone not containing more than 2 per cent. 
of sulphate of lime can be very safely used for any hydraulic work. 

4. It is easy to understand the reaction which takes place with the 
sulphate of lime contained in an hydraulic lime. The sulphate when 
strongly calcined gets hydrated very slowly, and its crystallization takes 
place after the setting of the mortar. The increase of volame may there- 
fore disturb the mass of the mortar, especially if it has been immersed 
immediately after being prepared. 

5. J should say, however, from personal experience, that for mortars 
made with hydraulic limes not containing more than 10 per cent. of sul- 
phate, which have been allowed to set slowly for a certain time in air, and 
then put in contact with water, the stability will not be disturbed. - The 
only effect will be its becoming more porous when the sulphate of lime 
gets slowly dissolved in water. 


Part Il.—PRACTICAL REMARKS. 


lst.—Aortar of fat lime and sand. 


1. Such mortar ought to be used only for buildings not exposed to 
great dampness. 
2. If the lime is very rich the best proportion should be:— 


2 parts of sand, and 
1 part of lime. 
3. If the lime is meagre (containing notable proportions of clay, sand 
and magnesia) tho quantity of sand must be reduced proportionally. 
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2nd.—Mortar of fat lime and surkhi (half burnt). 


1. Works immersed.—For works constantly under water half burnt 
surkhi only must be used, and the following proportion is the best for 
a rich fat lime :— 

2 part of fine (half burnt) surkhi, and 
1 part of lime. 

9. Works exposed to the inclemency of the weather.—For buildings ex- 
posed to heavy rain and the damp climate of Bengal, as also to the heat 
of the sun, it will be advisable to use a portion only of balf burnt surkhi 
and a portion of sharp coarse sand, or coarse surkhi extra burnt; but the 
proportion which seems the best for a rich fat lime is :— 


1 part of tine (half burnt) surkhi ; 
1 part of coarse (extra burnt) ditto ; and 
1 part of lime. 


ord.—Mode of preparation of surkht possessing hydraulic properties. 

1. Surkhi made with pure clay.—For works in which a very hydrau- 
lic mortar is required, it is preferable to make surkhi from pure clay 
cut in small pieces of abont the size of an egg (as found in its natural 
state), and then burnt either in clamps orin a kiln. When lime kilns 
are at work at the same place where the surkhi is manufactured, the best 
way to burn it to a proper degree is to load the top part of the kiln with 
the raw clay and the bottom with limestone. The hydraulic surkhi called 
half burnt above, may be considered to be burnt to the proper degree 
when it has been submitted to a red dark heat and cannot dissolve in 
water; it must, in fact, be a kind of very soft brick which will, after a 
certain time, be affected by exposure to air, but which must have lost the 
plastic power of raw clay when mixed with water. 

Surkhi made with common brick-carth.—This surkhi must be burnt 
for a longer time until the carbonate of lime it contains is calcined, how- 
ever the burnt bricks must be only a little harder than those made with 
pure clay. 

Sifting.-These two surkhis made either with pure clay or common 
bricks require to be ground so fine as to give the fat lime all their hydrau- 
lic properties. They ought to be sifted through a sieve of 40 meshes to 
the lineal inch. 

The chemical combination between the lime and the burnt clay cannot 
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take place if the powder is coarse, and the mortar will be injured by the 
introduction of a soft inert body. 


4th.—Mode of preparation of surkhi as a substitute for sand. 


1. Burning.—The surkhi which is to be used either with fat or 
hydraulic lime and cements when sand is not obtainable, acting then as 
an inert matter, must be made either with-clay or bricks perfectly well 
burnt, very hard, and in fact a little vitrified, if possible. 

2. Grinding and sifting—~This surkhi must not be ground fine; 
and the grains ought to be of such a size as to pass through a sieve of 8 
meshes, and not pass through one of 16. 


5.— Remarks on the mode of treating various kinds of hydraulic limestones, 
kankars or ghootinugs. 


1, Fevery hydranlic hmestone, kankar or ghooting, containing less than 
25 per cent. of cither clay or sand, should be burnt, slaked, sifted, and the 
refuse rejected. If the lime is properly burnt, the refuse of it ought not 
to be much. 

If the refuse, however, is ground and mixed with the lime, it may im- 
part to it portions of a kind of cement, but it also generally contains a 
good deal of inert matter, and thus the lime will bear a less proportion 
of sand than if only the slaked lime was used, and hence no savings in 
the final cost of the mortar will be effected by such a process. 

This rule is applicable to the generality of ghooting stones found in 
Lower Bengal. 

2. Now supposing that the kankar or ghooting lime contains more 
than 25 and less than 83 per cent. of clay and sand, and that the propor- 
tion of free sand (not in thc state of impalpable powder) exceeds 5 per 
cent., it will be better to act with it as above shown; but if the stone is 
rather free of sand, the lime may be slaked when burnt, &nd the wholo 
pulverized by a surkhi-mill before screening. 

Such lime will in every case bear less sand than that described above. 

3. If the kankar contains more than 33 per cent. of clay and sand, 
the last process will be found more advantageous than ordinary slaking. 

Some of these burnt limes do not slake when water is poured over 
them. For these however it is evident that grinding is necessary; but 
there are others which seem to slake, or at any rate, turn into coarse 
powder. 


(} LIMES AND CEAENTS. 


In many cases apparent slaking results only from partial disintegration 
of the mass. The parts containing enough clay to become a kind of ce- 
ment are then in too coarse a state to have any binding properties, and 
very often sand is the principal constituent of the finer portion. 

Such lime may be considered as composed of a mixture of sand, hy- 
draulic lime in very small porportion, cement of very variable quality and 
some kind of puzzolanna; consequently a very satisfactory result can 
only be obtained by grinding the whole of the burnt stone. 

However the powder thus obtained will never bear a large proportion 
of sand in the mortar. 

It may even happen that the lime must be used alone as mortar, with- 
out any admixture, when the chemical composition of the stone shows 
that it already contains a large proportion of free sand. 

This kind of kankar is very common in the Punjab and the North- 
Western Provinces. 

Remarks about sifting —All these limes and lime-cements ought to be 
sifted through a sieve not coarser than 20 meshes to the lineal inch; but 
when very quick setting is required, a sieve of 40 meshes ought to be 
used. 

It may secm strange to use for fine half burnt surkhi a sieve of 40 
meshes und for lime one of 20 only. The reason is, that lime tolerably 
burnt could if properly dried pass through a sieve of 40 meshes quite as 
well as one of 20, by leaving very little residue; but as the particles of 
fine lime adhere always, more or less, together, the sieve of 20 meshes 
is quite sufficient, but it will not answer for surkhi which is made with 
very dry bricks. 

6th.—Use of surkhi and sand with hydraulic lime. 

1. Limes very hydraulic.—All the hydraulic limes which slake well, 
and set under water in less than five days can be safely. used without the 
addition of fine half burnt surkhi for any bydraulic works. 

They ought to be used with either sharp sand or coarse surkhi (extra 
burnt). 

2, Limes moderately hydraulic.—Limes taking more than five and Jess 
than ten days to set under water do not require any admixture of half 
burnt ‘surkhi for works not requiring a great degree of hydraulicity. 

For works immersed and requiring to be very hydraulic, the following 


proportions can be used :— 
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1 or 14 parts of sand or coarse cxtra burnt surkhi ; 
2 part of sand or half burnt fine surkhi ; and 
) part of lime. 
3. Limes feebly hydraulic.—They can be considered as impure fat lime, 
and treated in the same way. 
4, Lime-cements.—Such lime-cements as slake very little and require 
grinding, do not as a rule, require admixture with half burnt surkhi. 
In fact they give better results when simply mixed with either sand or 
extra burnt surkhi and the proportion for these cements ought never to 
exceed— 


14 parts of sand or extra burnt snrkhi, and 
1 part of lime. 


Vth.—Cement-moriturs. 


1. Quick setting cement.—For a quick setting cement of the kind of 

Roman cement, the proportion of sand ought not to exceed— 
} part of sand, and 
1 part of cement, 

2. Slow setting cement.—For Portland and magnesian cement the best 
proportion is— 

2 parts of sand, and 
1 part of cement. 

For Portland cen-ent, the quantity of sand could be increased very 
much with careful workinen, but with native masons it will not be safe to 
exceed—— 

4 parts of sand, and 
1 part of cement. 

3. Remarks.— Cement must always be used with less water than hy- 
draulic lime, and hydraulic lime with less water than fat lime. 

4, Substitute for sand.—If sand is not obtainable, extra burnt coarse 
surkhi can be used instead; but the strength of such mortar will be al- 
ways below that of sand mortar. 
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TEAK AND MASONRY HOUSES, BURMAH. 
[Vide Plate]. 


By Rosert Kina, Esg., Hrec. Engineer, Rangoon Town Division. 


Rangoon, 7th January, 1878. 


Two similar buildings, one for the Superintendent of Wharves, and one for 
the Strand Preventive Officer, have been built on the river bank, Rangoon, 
one on either side of the Soolay Pagoda Wharf. Each building is sur- 
rounded by a rail enclosure, neatly planted. 

The basement floor consists of a dining-room 16’ 6” x 16% 6”, an office 
16’ 6” x 16’ 6”, and a porch 16/ 6” x 7’ 6", the walls of this floor are 
built of good bazaar bricks in mortar, the outside plaster being cement, 
and the inside lime. The floor, which is two feet above the ground level, is 
#-inch of asphalte over 6 inches of broken brick concrete. The first floor 
is entirely of teak, covered with a corrugated iron roof, the posts support- 
ing this roof, and to which the wall framing is secured, are morticed into 
a frame resting on and bolted down into the basement walls. The floor is 
of 1 inch teak, grooved and tongued. The verandah floor overhangs the 
basement and is supported from the pillasters of the basement, by hand~- 
some carved teak brackets. 

The walling of this floor is of 4-inch teak planking grooved and tongued, 
the vertical joints being covered by 14” X }" splims with chamfered 
edges, a string course 9” & 1” runs horizonially around the building and — 
lintels of the doors, the walling begins 6 inches above this floor, and termi- 
ates 1 foot 5 inches below the underside of the wall-plates, the space under 


the wall-plates being filled up with jaffery work, and that immediately 
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above the floor with a 6” & 1% ledge board hung on hinges. -All rooms 
and verandahs on this floor are ceiled with half-inch planking grooved and 
tongned and painted white, the doors on basement are all panelled, on the 
first floor one-third panelled and two-thirds venetian, The windows are 
13” glazed parisian sashes with diamond-shaped panes. The hand- 
rails to verandah are cut out of 5° x 3” and filled up with }-inch per- 
forated teak boarding with 1}-inch teak moulding at top and bottom. 
The crest on the ridge and the eave boards are cut out of 1 inch planking 
and painted slate colour. All exposed timbers are earth oiled. 

The above is about the smallest of the many buildings of this descrip- 
tion designed and built by Mr. Mathews. The General Hospital, a very 
large and commodious building, was completed in March 1872; this build- 
ing is entirely of timber with a shingle roof: the High School has a 
brickwork bascment and timber first floor and shingle roof, the clock tower 
is of timber above the basement: the Sailors’ Home is a very handsome 
building with brickwork basement, teak first floor and Mangalore tiled 
roof, 


R. is. 


386 


PE SATE AAAI TE AI ORY 






| GROSS mete Cees 


t 
i 






BN NAAPUR OVO UKs bie 2. 
iw o eat r Mee x Se ees AUN 
Ne NAN PN oN ON eh ge ea ene ele 

















sh a ainsi 


FIRST FLGOR PLAN 


bert nnn she nee plate mpten 
Teg vette cn en I Re RL 
| are ee name eet 
ry 


a 


ere 
x 


preneanes wos sone oe 


oo 


Bed Room 
i818 


Bed Room NS 


1 xis ‘, 





No. CCLXXXV. 


THE DUTIES OF THE PUBLIC WORKS DEPARTMENT 
DURING TIMES OF FAMINE, 


By Major ©. C. Scorr-Moncnirrr, R.E., C.S.1., Famine Commis. 
sioner and Offy. Chief Eugineer, Alysore. 


We a ee ne ee 


Tue Viceroy last year ruled that the Public Works Department should 
henceforth be the Chief Agency for Famine Relief in India, and that 
the best and most economic form of all relief was the construction of 
large and well devised works under Professional Agency. 

We have good cause to thank His Excellency for assigning to us 80 
honourable a réle, He has elsewhere likened a famine to a campaign, 
and those who have gove through both will appreciate the likeness. 
Wars are happily rare now in India—not so famines. Many of us came 
out to India thinking our highest achievement was to be found in the con- 
struction of a great bridge, or the opening of a canal or of a railway. 
Now we have a still higher career open to us to serve in the fore- 
most rank in the very forlorn hope, in saving thousands from death, 
Nor is it so very easy. The Engineer that suecessfally controls famine 
labour must think little of himself, every thing of his work. For him are 
no holidays, nu sport, no society. Patience, temper, firmness and kinduess, 
must always be exercised. He must endure constant exposure to the 
sun, weary monotony of work, many bad smells, many sad sights. He 
must eat his meals and write up his accounts when and where he can. 
He must not be above attending to many new duties. He must look 
closely after the camp water supply. He must see that the bazaar is well 
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supplied. He must himself superintend the feeding of small babes and 
sickly mothers. He must attend closely to conservancy. He must see 
that his hospital is clean and well supplied with necessaries and that the 
medical subordinate is doing his duty, that loathsome ulcers are being 
dressed, that itch ointment is being applied, that guinea worm cases are be- 
ing attended to, that the weakly are getting suitable diet, that the dead are 
being buried deep, and when, as is likely enough, cholera visits the works, 
the Engineer must know how best to meet it and must keep a cool head. 
And the reward for all this labour? He will be the means of saving 
many lives. That is surely enough? 

I do not suppose for a moment that all Engineers will appreciate 
famine relief work. There are some I fear who could never warm into 
interest sufficient to care to take all this toil to save the life of our dark- 
skinned brother more unsightly than ever when stricken with famine, 
dirty and haggard, and offensive. 

There are other Engineers pure and simple who look on all this as a 
most aggravating interruption to their regular work. I do not find fault 
with them. Only the honour of famine relicf cannot be theirs. They 
can have no heart for this campaign, nor ought they to reap its laurels. 

As no good soldier would wish for war only that he himself might 
reap honour, so would no good Iingineer wish for a famine. But the 
good soldier prepares himself beforehand. So should the Engineer, and 
in the following Note I propose to record a few points which may he use- 
ful, not evolved from my inner consciousness but from the experience of 
the last year. I would treat of, 

I. The duty of the Local Government and its Chief Engineer in 
preparing projects for Famine Relief. 

II. The style of work best suited for the purpose. 

If. The comparative merits of a few large works, and many small ones. 

IV. The action of the P. W. Department when the approach of a 

. Famine is dreaded. 

V. The scope of its duties in a Famine. 
VI. The management of a Famine Relief Division. 
Vil. The close of a Famine. | 

I. It behoves the Chief Engineer of every Province to have in his 
office a set of projects all cut and dry suitable for famine relief work. 
By consulting officers of local experience such projects will not be hard 
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to find. Most Collectors and Deputy Commissioners have got some pet 
scheme they would like carried out if they could only get the money, 
some road to be made, some swamp to be drained. Public Works offi- 
cers are always on the look ont for such works, and it will be a long time 
before the list is exhausted. There are many regularly taken up by 
Government, surveyed, designed estimated but laid aside for financial 
reasons. And there are slack times when the Chief Engineer has one or 
two officers on his hands more than he actually requires. What better 
can they be doing than in working up projects for the Famine Relief 
drawer ? The history of the last famine has been most instructive on this 
head. A few years ago Bombay had an Irrigation Chief Euginecr enthu- 
siastically interested in his work, who had project after project drawn up 
for irrigating the Dekkan by canals and tanks. 

One after another was refused as not being financially profitable, and 
when Colonel Fife went home he may have looked sadly at all the labour 
bestowed on these schemes, and to all appearance wasted. The famine 
set in. There was acry for Relief works, and Bombay has come out of 
its troubles with Colonel Fife’s tanks and canals approaching completion. 
Very likely they will never pay 5 per cent. on the cost of their construc- 
tion, but when a people have to be kept alive anyhow by the State it is 
something to get in return a set of works affording the best safeguard 
against another Famine. 

II.—The best style of relief work, is that on which can be employed to 
the best advantage for a considerable period of time large numbers of 
unskilled workers—men, women, and children. And that employment 1s 
unquestionably earthwork, which possesses the further advantage of re- 
quiring no outlay in costly materials, such as bricks, stone, iron, lime, 
&e. It is of great importance to have this labour as concentrated as 
possible, for it must be clearly understood that the object of relief work 
is primarily the welfare of the workman. The feebler the workman the 
more isthe necessity for looking after him, and this at once prevents 
the employment of contractors, and makes that work unsuitable which 
cannot be daily inspected by an intelligent and trustworthy officer. 

Viewed in this light, road-making is good relief work in proportion 
as the country is hilly without being rocky, and the construction of a 
railroad is far superior to that of an ordinary road. In the great 
plains of Northern India, neither a road nor a railroad can be con- 
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sidered as the best style of relief work, For just think of what they 
involve. <A mile of road 50 fect wide, raised three feet high across a level 
plain will be finished by perbaps 1,000 coolies in a month, and if relief 
works are kept open for six months these 1,000 coolies will have made 
six miles of ragd. Now, supposing there to be no other work in pro- 
gress within six miles on either side, this road will have to provide em- 
ployment fur 72 square miles, and if the population is 300 per aquare 
mile it will occupy less than 5 per cent. of them, a small proportion in 
a famine stricken country. 

Moreover one Sub-Divisional officer ought to be able to look after 
4,000 coolies, and if 4,000 are concentraied on this road the six miles will 
be finished in six weeks, and officer and labourers must all be moved 
elsewhere, which is inconvenient. A canal, a canal escape, or a deep drain 
are all more suitable works. Drains have one advantage, that from 
their nature they must be made in low lands. These sre often swamped 
in other years, but in famine years when the country is parched it is just 
the time to dig them out. Any irrigation officer in Northern India will 
testify to the value of canal escapes and regret that there are so few. 
Digging new escapes is an excellent form of labour, for it is almost cer- 
tain to infer heavy earth work within the space of a few miles. 

Where the country is more broken it is easier to employ thousands of 
labourers within a Jimited space. Nothing can be better than the band 
of an irrigation tank. Some of the great Dekkan bands of the Bombay 
Presidency made last year were large enough to employ 20,000 coolies for 
six months and more: and that all within the space of three miles. 

A railway through broken cvuntry is nearly equally good employ- 
ment, and one now being made in Mysore gave continuous occupation to 
about 13,000 coolies for the period of nine months, although only about 
20 miles was accomplished. 

Road repairs are, for the reasons stated above, a bad form of relief 
labour. It is impossible to cmploy very many in one place. A number 
of small parties infers a number of subordinates in charge. 

The subordinates cannot always be selected carefully. Temporary hande 
must be employed, and the certain result is that the work-is not pro- 
perly supervised. Either exclusive attention is paid to the cooly, regard- 
less of the work, or to the work regardless of the cooly. Happy the 
Executive Engineer, whose temporary overseer does not neglect both. 

390) 


THE DUTIES OF THE PUBLIC WORKS DEPARTMENT, ETC. 2) 


Road metalling moreover is not quite 50 easily tested as plain earthwork, 
and there is more skill in performing it; but in a great famine we 
cannot be choosers, and this must often be taken in hand, for want of 
something more suitable. 

The collection of road metal or railway ballast is better than road 
repairs and sffords good occupation especially to women and children, 
while if the metal be of a kind that will not deteriorate with time, a 
substantial return is obtained for the outlay. - . 

The opening out of endless new roads between places where they 
are not wanted, should be steadily discouraged. 

Probably there is not a district that has been visited with famine in 
the last few years, that cannot show miles of these futile works. If they 
are ever finisbed the district: funds cannot keep them in repair. If as is 
more likely they are left unfinished, the good land they occupy is thrown 
out of cultivation. 

The reader may say :-—“ All this kind of work is for the unskilled. Is 
the skilled artisan to be allowed to starve 7” 

The Famine Commission now sitting will doubtless fully consider this 
point. Hitherto Government have only proposed to save life, not to pro- 
tect from poverty. It is hard to see how State aid could be given to 
help some artisans in their own craft, such as jewellers, goldsmiths, ivory 
workers, Gc. The ordinary weaver might be casier employed at a state 
loom, but that would be outside of the Public Works Department. 

We could find work, each m his own line, for the mason, the carpenter, 
the bricklayer and the blacksmith, bat it would entail great expenditure, 
and close supervision. If State aid be given in buildiug bridges, barracks, 
&c., fur every thousand rupees spent on actual famine relief, at least three 
thousand will be spent on materials, 

It has been said that one Sab- Divisional officer ean look after 4,000 
coolies digging. Jt would be difficult for him to superintend buildings 
employing half this number, earthwork must therefore be the mainstay 
of Famine Relief, and exceptions to this will be so few that they need 
not be considered at all in this Paper. 

TIL.—What has just been said shows sume of the evils connected with 
small detached works. The difficulty of effective supervision is one great 
drawback, and another very distinct one is that whon works are brought 
to every man’s door many will avail themselves of them who are not 
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deserving of State Relief. The ryot of a small holding will not, unless 
hard pressed, start with wife and family toa work twenty miles off. If 
he does it shows that he is really in want. But if the work be just out- 
side the village, what is to prevent the thriving peasant from sending 
his wife and children to it while he takes his case at home, or only comes 
now and then to amuse himself on the work. He is not the man it is 
necessary to help. 

But supposing he has cattle still alive, who is to tend them if he and 
all his family are on the Government works twenty miles off ? True he 
may sell them, but they will fetch a very small price and for the country’s 
recovery after the famine is over it is most important to preserve the 
cattle alive. 

When his cattle are dead or sold it is hard to see why the poor fellow 
should not go off to the Works, and I have oftea heard it saidif he refuses 
to go twenty miles it shows he cannot be starving. Unfortunately the ex- 
perience of this last year teaches a different story. It is beyond doubt that 
many have perished and allowed their children to perish because they would 
cling to their miserable empty hovels. It is easy to say—‘then let them 
atarve. But he who has actually seen starvation will not say it readily. 

Much depends on the season of the year. There are some months 
when even in ordinary years no agricnitural labour is required on dry 
lands. There is nothing sown, no ploughing, no weeding, no threshing. 
At such a timg it ought to be easiest of all to get the starving cooly 
away from his village. But even with famine in the land there may be 
at times odd jobs to be hoped for if he stays at home. The monsoon 
rains may be due. Clouds may be gathering, and the ryot may natural- 
ly think that he ought to be near home to till his patch of land when the 
rain falls. This is hardly to be discouraged, and yet the poor fellow will 
go on hoping and starving till he is past all relief. 

lt may be laid down then that, if possible, relief works should be on a 
large scale, and that the labour should be massed and detached from the 
villages. But there should be no hard and fast line drawn. It is even 
possible that the country may benefit more by the construction of many 
small works (snch as tanks in a hilly country) than of a few large ones. 

IV.—I am afraid it cannot be denied that when famines have come 
on as in India, too often they have found us unprepared. The vener- 
able account of Moses’ crowning plagne has a significance of its own still. 
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“ And when Pharaoh rose up in the night, he and all his servants, and all 
“the Egyptians; and there was a great cry in EKgypt; for there was not 
‘a house where there was not one dead.” This is not much to be won- 
dered at, a strong Government properly discourages overdrawn and sensa- 
tional reports from its servants, and does not always discriminate whether 
the cry of ‘wolf’ is reliable or not. Nor are there very many Govern- 
ment officials who can truly discern the signs of the times, or draw the 
line between high prices aud actual famine. 

When tbe monsoon has been delayed to any unusual extent Ixecutive 
Engineers shortld be encouraged to push on works sanctioned and provided 
for in the Budget? This does not entail on Government much additional 
outlay. Repairs intended to be done during nine months may per- 
haps be fiuished in three. Until the price of provisions rises very much, 
rates need not be altered, and except that the intervention of contractors 
should be discouraged the managewent of the works may go on as usual. 

Should the demand for labour be great and the drought still continue 
some of the projects prepared for famine rehef may be started. By 
this time provisions will hkely be dear and rates should be raised, not di- 
rectly in propurtion, but sufficiently so both to support the labourer and 
his family and to induce him to go on working. For this reason it must 
be arranged that when oue work is finished another should begin, so as to 
prevent the labourer from returning to his home and to idleness. While 
he is in fujl health, a full day’s work may be exacted from him. Once 
let him run down to starvation and Government will not get half a day’s 
work from lim. 

When the famine has fairly declared itself, and the country has to 
draw its food supplies from without, then prices will rise and the work- 
man’s own labour will not bring in enough for all his family. Ther relief 
works must begin in earnest, but efforts should be made as long as pos- 
sible to find work for the able-bodied cooly in the ordinary way, and to 
keep him out of the ranks of the paupers. 

V.—I need not write much on the scope of our duties in a famine, for 
the Famine Commission are likely to lay it down clearly enongh. A 
theory prevailed last year in some places that while it was quite right 
that the Public Works Badget should be increased indefinitely, and that 
employment should be found for all the able-bodied still it was no part of 
its business to take on the half-starved and weak, the town-bred weaver 
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and the indolent beggar. It was thought a duty to prevent its system 
being demoralized by dealing with such a vulgar herd as famine pau- 
pers: putting its rates all topsy turvy, and occupying its Officers’ time 
with arrangements for feeding Labies. Just in this strain I have heard a 
martinet deplore the slackness of drill in his regiment after a campaign. 
Fram what bas been already said it willbe seen Thave no sympathy with 
this view. Its supporters urge that it is the duty of the District Officers 
to find work, or at Jeast food, for all except the able-bodied. 1 should 
feel little pride in our Department, if thought it incapable of more than 
this, During a famine a District Officer has plenty of His own work to 
do, Cases of postponement or remission of reventte, criminal trials 
increased tenfold during searcity, village house to house inspections, road 
patrolling, relief camps and hospitals, inquiries into the fuod, stock, and 
water-supply of the district—all this and far more than this over and 
above his daily duty is quite enough for him, and in the next famine I 
hope to see the Exec. Engineer say to the District Officer—“Ict us sharo 
the burden—let me help you wherever I can—you find the workman, 
and be he ever so weak J will tind hin suitable work.” If we do not 
get much work out of the starveling surely we shall get as much as the 
unprofessional District Officer—I do not wish to undervalue works under 
Civil Agency. They have proved most valuatle means of giving relief, 
but I maintain that they shouid only be resorted to when the machinery 
of the Public Works Department has been exhausted, and when it is 
employing as many as its officers can supervise. yen then the Engi- 
peer shonld do his utmost m advising Civil Officers as to the Profes- 
gional details of their relief works. 

Vi—The management of a Famine Rehef Division is a wide subject 
about which a good deal may be written. It must vary with tho style of 
the work, the coudition of the workmen, the intensity of the famine. 

The points now to be considered are :— 

(a). The respective merits of payment by piece work and task work. 

(6). The sorting and gauging of the labourers. 

(c). Their tasks. 

(d). The arrangements for their supervision. 

(ce). The, qnestion of Sanday work and payment. 

(f). The payments. 

(g). The camp and hospital. 
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(a). By piece work payment is to be understood payment for a certain 
amount of work done irrespective of the time in which it is done, be it 
half a day or two days. By task work payment is meant the payment 
day by day for a certain quantity of work to be done during the day. 
The piece work labourer by working twice as hard can earn twice as 
much every day. The task work labourer by working twice as hard will 
be finished by mid-day, but he will not be allowed to go on doing a 
second task. 

Prima facte much is to be said in favour of the piece work system. 
Its supporters argue that there is no inducement to work like self-inter- 
est, that Government will get a better return for its outlay and that 
enough will have been done for the bulk of the working classes in a 
famine season if rates are merely eased to meet famine prices. If for 
earthwork which formerly cost Rs. 1-8-0 per 1,000 cubic feet we now 
offer Re. 2-8-0, they argue that the labourer will make an extra push, 
work extra hours, and will maintain himself and family in their usual 
independence and without any of the degradation attending pauperism. 
The advantages of this arc self-evident, and when a famine is setting in 
I would strongly urge that the piece work system should be adhered to 
as long as possible. But it can be applied with advantage only among the 
genuine working classes, and these will form after all a small minority 
of the numbers to be relieved. 

The piece work labourer should be allowed to work with his own family 
or to choose his own earth carriers. He will certainly not choose the 
weak and sickly who most need help. What aro we to do in the vicinity 
of towns for the weavers and tailors, artizans of all kinds with soft hands 
and weak backs, as well as for the loafers, vagabonds, and beggars, who 
however disreputable are not to be allowed to die. We shall have to pro- 
vide for a large number of women who have never carried a cooly’s basket, 
and all will hold off, some from honourable pride, others from laziness, 
until their strength is reduced by underfeeding. Work must be found 
for all these, and all must be paid enough to support life. They will not 
readily understand piece work, and task work is better suited for them. 

One other consideration is, that in famine relief the object is not to 
finish the work off quickly, but to give useful employmenf for as long 
as possible to the greatest number. It often happens that it is very diffi. 
cult to find good relief work in a district. If the little that there is, 
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is made over to active piece work labourers, they will finish it off per- 
haps long before the famine is over. 

The conclusion I have arrived at is this, that if the work is to be car- 
ried on, famine or no famine, and if it is likely to last the famine out, and 
if piece work is the system of the place, the Executive Engineer should be 
imstructed to keep on the system as long as he can, and to give every 
encouragement to the workpeople to join the piece work gangs. But at 
the same time be must have the task work system too, and the longer 
the famine lasts the larger will be the proportion of task work labourers. 

In Mysore large works were not started until the famine was at its 
worst. Ii was found after that that the labourers did not readily take 
to piece work. Lfforts were made to introduce it, but it was not popu- 
lar and formed so small a part of the relief system as hardly to be 
worth noticing. 

In no case should the system of petty contractors be allowed. They 
will of course employ only the strong. 

(b>). The sorting and gauging of the labourers is a matter of no trou- 
ble with piece work, but it is with task work, and the following remarks 
apply only to the latter. 

It has been asserted to be impossible to have two parties working 
alongside each othcr, drawing the same pay and doing different tasks. 
This I can confidently deny. The able-bodied cooly can be kept at work 
with a task fully proportioned to his strength, and being paid strictly 
according to his work alongside of the half-starved weaver getting the 
same pay for doing half as much, and only being fined a very small 
amount for short work. I have seen this going on for months with per- 
fect success, but I admit it requires a good deal of arrangement. One of 
the Engineer's chief difficulties will be to apportion the task to the 
cooly, so as to get as much out of each as he is fit for, without being toe 
hard on any. His terms must be such as to attract all comers who are 
really in want. 

If relief measures have been taken early and there are many able-bodied 
workers, a full task should be exacted from them, and as long ag it is 
evident that they can do full work they should be paid rigidly in ac- 
cordance wit it, and fined down to any amount, for not doing their work. 
But they will often have weakly ones depending on them, and as it is 
desirable to keep families as much as possible in one gang it has been 
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found convenient to gang together the moderately able-bodied along with 
his wife and children, and with the town-bred man who though physically 
strong is unused to cooly’s work; and to exact from the party thus 
formed 75 per cent. of a full labourer’s task, Those doing their full task 
should be paid on the higher or A scale of wages (to be alluded to fur- 
ther on) and failing to do it they should be cut down to the B or lower rate. 

Besides these who may be called the A class there are sure to be many 
who could never do 75 per cent. of a workman’s task: old men and 
women chiefly, or those who have always been wanting in physique. 
Perhaps 50 per cent. of a full task may be obtained from these, but very 
likely not so much. They should be put on light work where it is possi- 
ble, and be paid on the B scale of wage. It is difficult to fine them for 
short work without starving them, but where they are incorrigibly idle 
some little fine may be inflicted. 

There is yet a third class, that may be called the Special gang, com- 
posed of those naturally able-bodied but who have suffered from famine 
and the diseases that follow it—gaunt and emaciated lads and girls, men 
and women in the prime of life with the strength of children, suffering, 
some from dropsy, most from diarrhoea, and yet better out among the 
workmen than among the dying in the hospitals. It is clear that no 
effective labour is to be got out of them, but the true Famine Officer will 
feel that there is no part of his work more important than looking after 
these. He must bo kindly and yet firm with them; let them rest a good 
deal, but not let them wander away from the work. It will be useless to 
task them, but yet even they will do something. They should be paid 
the full wages of able-bodied labourers while they are in the Special gang, 
that is enough to buy food not only to support existence, but to get 
strong on. And most satisfactory it is to witness their gradual return 
to strength. If as is sometimes the case they are found to be hoarding 
their coppers and not spending all on food, the Sub-Divisional Officer 
should give them cooked food instead of wages. Indeed at all times he 
should have authority to feed them up, if it seems the quickest way to 
restora them, and jo give them milk, meat or vegetables. But this must 
not be abused. * 

Mothers with but little nourishment to give to thei young babes 
should be put in the Special gang. 

(c).—Tho tasks. 
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In earthwork of course these must depend on the hardness of soil ; 
in metal breaking or collection, én the hardness of the stone and its 
abundance in the neighbourhood. 

In earthwork it is best to take as a unit the day’s work of the digger 
irrespective of the lead, a sufficient number of baskets being allowed 
to each. If the man digs out his full excavation pit he should get his 
full wage, and if the women and children have not removed the spoil 
they should be fined, not he. If on the other hand he has failed to dig 
his fall task while they have carried away all that he has dug, it is hard 
that they should suffer from his laziness, so they should get full wage 
and he be fincd. It will be necessary to regulate carefully the propor- 
tion of men to women. Wherever it is possible the members of a family 
should be employed together. When, as is not infrequent in famine, 
there is a great majority of women and children, efforts should be made 
to find suitable work for them without interfering with the arrangements 
for digging and carrying. Women occasionally volunteer to dig, and do 
it well, but this is exceptional. At other times they may be employed in 
collecting road metal and ballast, and in breaking it. 

li will not often be possible to measure each man’s work every day, or 
even every three days, but where it can be done, it should be done; where 
it cannot, the work done by a certain gang must be measured as a whole. 

The Sub-Divisional Officer should take particular pains to put this 
tasking on a good footing. The labourer ought to be made clearly to 
understand how much is expected from him, and it will not always be 
easy to do so, when dealing with classes unused to earthwork. There 
are few things that interfere more with successful Relief Work than 
careless tasking and reckless fining. The famine cooly should not be set 
all at once on to a rigid task, and fined for its non-performance, but in- 
duced, almost coaxed to go on working, the Sub-divisional Officer never 
forgetting what I have already said, that the relief of the cooly is the first 
object, not the execution of the work. 

And Government will not be the loser by this coaxing. The famine 
cooly has not much energy or heart for his work, and jf he finds that he 
will not be allowed to stagve but will obtain a bare subsistence by doing 
very little h@ will often rest content, instead of aspiring to the higher 
rate of pay, when he would be required to do a tolerable day’s work. 
But Government will be the gainer, if he does earn this higher rate. — 
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It may be looked on as showing either indolence or a distinct want of 
administrative power when we see extensive fining going on in a Sub- 
Division, that is when a large party classed as A coolies are day after day 
receiving only B wages because they are dving short tasks. 

When coolies first come on the works they do not readily understand 
that there are two classes of pay, and it is always best to begin them 
with the higher and not fino at first for short work, which should neverthe- 
less be measured up. To many officers this laying out of a great number 
of tasks is almost a new work, and if left to subordinates it is apt to be 
done m very perfunctory style. It is none the less very important. 

(d).—The following is recommended as a convenient system of super- 
vision ina Famine Relief Division—although of course it will vary ac- 
cording to local circumstances :— 

Let the whole party be split up into gangs of 50; trying as far as 
possible to keep together coolies of one village or of one family: and 
where this is impracticable placing them according to their working power. 
A gangs, B gangs, Special gangs. Over each 50 must be a gangsman, 
or head cooly, mate, makaddum (or whatever be the local name). In the 
gang there may be 20 men digging to 30 women and children carrying, 
or 10 digging to 40 carrying according to circumstances. The gangs- 
maa must know all their names and be always with them, keeping them 
up to their work, and if they do not accomplish their tasks it is not a 
bad plan to punish him. He need not be able to read or write. ‘To every 
four gangs there should be one mustering writer who keeps their muster- 
roll and notes their presence twice a day. He should help also in the pay- 
ments, and the Executive Engineer should clearly inspect his accounts. 
The mustering writer is not responsible for the work. 

To every six mustering writers, ¢. ¢., over 1,200 coolies there should be 
a sub-oversecr, to help in laying out and measuring up work, collecting 
the muster-rolls, keeping the accounts, attending to the distribution 
and custody of the tools, and doing all the genera] duties of a Sub-Over- 
seer. Where cashiers are not employed he must pay the coolies too, and 
in that oase will require a munshi or writer to help him. Over every 
48 gangs (2,400 coolies), or two sub-overseers, there should be if possible 
a European overseer, and on him as on the Engineer must be impress- 
ed the difference between a Famine Relief Division and an ordinary 
one. 
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Two Overseers with a total of 4,800 coolies are quite enough for a Sub- 
Division under an Assistant Engineer, and generally three such Sub- 
Divisions are as much as an Executive Engineer can look after. 

Such a complete establishment as this is not often to be had however, 
and in one time of high pressure in the Bombay Famine of 1877 an 
Assistant Engineer without a single European under him was looking 
after 18,000 coolies. 

It will be seen that the unit of work is the gang of 50. The other 
combinations are all multiples of this. A good deal depends on the gangs- 
man. If he is inclined to give trouble he can. The coolies are too ready 
to believe that in some happy place 20 miles off food is to be had for the 
asking, and if the gangsman fosters this view, he and his gang may start 
off some morning. He will be none the worse, but the poor dupes who 
followed him-are apt to be found dead or dying by the road side. If the 
coolies are encamped it is a8 well to place the huts of each gang and its 
head man together. 

(e). The Sunday question. I wish to approach this from no Sabbatarian 
point of view, but merely from that of expediency. 1 maintain then 
that the work is so hard and constant that unless the Supervising Officers 
are allowed their day’s rest in the week many of them will break down. 
Regarding the cooly I do not talk so confidently, but I fully believe that 
he will work all the better for a rest every seventh day, and whether he 
knows anything of Sunday or not he will appreciate the charms of idleness. 

Since the object is to keep him alive in famine however, he must be 
allowed pay enough on the other six days to cover the seventh. This 
may either be given (and I think it the best plan) by a small increment 
to his daily pay, or it may be all givenon Saturday evening. The objec- 
tion to the latter course is that it is difficult to prevent a man coming 
first to the work on Saturday morning only to get the double pay, and 
then decamping that night. 

When a relief work is first started it may be a good plan to employ the 
coolies right through the week. Otherwise they are apt to scatter on the 
idle day, and if they have only begun work on the Wednesday or Thursday 
they will not have earned pay to support them through the Sunday. 

But for the sake of the Officers in charge the practice should be dis- 
continued as soon as possible. Attention may have to be paid to the 
Special gangs on Sundays, Likely enough they may have spent all their 
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wages day by day and laid none by for a Sunday meal. This cannot hap- 
pen if they receive food instead of pay, but generally they prefer the latter, 

(f). The payments, These must be sufficient to support life, not too 
liberal to attract a class who require no state help to weather a famine. 
They mast rise as rates rise. Their reduction as rates fall is more diffi- 
cult. 

In the recent Famine in Southern Indie the rates were partly fixed, 
partly fluctuating, as follows, and in every case were intended to cover 
the cost of subsistence on Sundays when the works were closed and no 
wages given :— 


An eT a etn eR PA | Par Ye OO PRONE ER “TUNE Aare etn ETERS RETREAT NEOA RE RS RNS UE: SR AP STS FLA A HW Hi rae eer ee REY OR 8 EATER TNA Ne 


Man. Woman, Working child, Infant. 


PA ae Sel a nppente napntemarete in Mtapps! ent pings me Aemiin mm he 





a eaten tr LN OE ITE SA RE ANE RR ERASER RN t= EH INIT MON Hert pee Lan 


In Bombay, .. |] anna + value |4$ anna -} value |6 pie + valueof | 8 pie. 
of 1 Tt. grain. | of 1 Tb. grain. $ 1D. grain, 


In Madras, .. |}$ anna + value] anna + valuej9 pic + value of | 315. cooked 
of 1 fh. grain. | of 1 Ih. grain. 4 0D. grain. grain. 


In Mysore, .. {9 pie + valueof |9 pie +- value of |6 pie + valae of | 3 pie + 2 Th. 
14 ths. grain 1 Ib. grain. #ib. grain. | cooked grain, 


The above were the rates for full work, what has been already called 
the A scale, and this is the rate at which the Special gang should be paid. 
The B or lower rate of wages may be 6 pie lower for men and women. 
Working chidren should be on the A scale. 

In Civil Relief Works, that is in those superintended by the District 
Officers and not by the Department Public Works, no one should be paid 
above the B scale. On these works it is not possible to have the same 
supervision and precise tasking, and if the wages are as good on these 
as in the Department Public Works, the coolies will flock to them in 
preference and earn their livelihood easier. 

It is not my intention here to discuss which of these three scales is 
the best. They hinge somewhat on the still vexed question of whether 
or not 1 th. of grain a day is enough to support an adult. But whether 
1 th, or 14 tb. be taken as the basis, some allowance must always be made 
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for the condiments (vegetables, chillies, turmeric, &c.) which are quite 
necessary for the healthy native. 

When relief works are started, as they should be, early in a famine, 
and before famine prices have begun to prevail, it will not be judicious to 
calculate the wages strictly from the price of provisions, should the result 
be a sum considerably less than the ordinary wage of the country. Tor 
instance, supposing that ordinarily a labourer can earn 2} annas a day, 
and that relief works are started on the basis of 1 anna and the price 
of 1fb. of grain at a time when grain is selling at 20 Ibs. per rupee, the 
the wage will be 1 anna 10 pies, enough it may be to support the hungry 
man, but probably not cnough to attract the labourer used to earning 24 
annas. He will not see why his pay should be lower than usual just when 
provisions are dearer. He will most likely hang idly about his village, 
till forced by sharp hunger to accept the offered wage, but at a time when 
his body is enfeebled by want, and when he can give far less return to 
Government for 1 anna 10 pies than he could have before for 24 annas. 
Depend on it it is good policy to keep the able-bodied from dropping into 
the ranks of onfeebled paupers, it is the worst of all economy to drive a 
volunteer from relief works just because he is able-bodied. 

I have said it is not very easy to reduce wages as provisions cheapen, and 
here again the explanation is that the unreasoning cooly is too ready to 
take a scare, and run away from the works when he is in pretty good case, 
only to return when he is half starved. It will be found better not to 
change the wage with every fluctuation of the grain market, and to fix a 
minimum below which it is not to go, however cheap grain may become 
as long as it is necessary to keep relief works open at all. Towards the 
close of the Mysore Famine, the relief works were divided into two 
classes, those which having been begun it was desirable to finish off, and 
those which were only kept open from day to day, for the sake of the 
labourer. Inthe former were a railway and various irrigation works ; 
the latter consisted chiefly of collecting and preparing road metal, work 
which could cease whenever the famine ceased. As it was desirable to 
encourage the labourers to flock to the former, the minimum rates were 


fixed as follows :— 


As FP. 
For men, eae a ne owe sate jars 2 6 
ys WOMCD, — .ae nee vee vee ass ove i 8 
» children, ... ane eee ae bbe ey 1 2 
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On the road metal collection minimum prices were fixed :— 


For men, ase ear een eee age eave 2 annas. 
rT) women, oes eas vee ene one eee 14 5 
” children above ee eee eee eon ove by) 


From my experience it is better to feed small children than to give 
their parents an allowance for them. But the latter is the easier system 
of the two, and the real test is whether or not the infants are thriving. 
The Officer in charge of the works must inspect them frequently. Where 
an allowance is made to the parent, there is very apt to be fraud prac- 
tised s women borrowing children to produce at the pay table. And it 
may be necessary to rule that the wage shall only be granted when the 
parents live in camp or on the works. Women will not take the trouble to 


b 


carry their frends’ infants to be fed. I have found infants to thrive well 
on two daily meals, each consisting of 2 oa. ‘of rice boiled in water, with 
about 1 tb of salt among forty, in addition to what the parents gave them, 
Should they be thin and drooping the Officer in charge should do his 
utmost to procure thein milk, and if cows are not to be had, he should fall 
back on Swios preserved milk. Of course unweaned babes cannot be fed, 
their mothers may receive an extra 3 pie a day for them. 

When coolies arrive fresh at a work they should be paid daily, and 
indeed as Jong as this can be managed it should be done, but the burden 
may be too great for the Ofhiecr in charge. As long as thero is no cut- 
ting for short work and all are paid their fall amounts it does not take 
long to pay large numbers. But it is not easy to measure up work in the 
evening, to determine how much each individual or each gang is to be 
eut and then to go on with the payments in time to wind up by dark. 
Hither it is best to cut one day for short work done the previous day, or 
to pay not in the evening, but the first thiag in the morning. Then the 
Overseer has plenty of time to measure up the work in the evening. 
Morning payments have another great advantage in securing regular 
and early attendance. The danger is that a cooly may be prevented by 
sickness or other good reason for not attending, and he is apt to lose his 
pay for the preceding day. Without system it may take an immense time 
to pay 1,000 coolies. With system one cashier may pay from 1,000 to 
1,200 in an hour. When the pay time comes gangsmen should separate 
off those who are to get different wages—all the two anna men, all the 

403 3H 


18 THE DUTIES OF THE PUBLIC WORKS DEPARTMENT, ETO, 


one anna nine pie men, all the working children and so on—and he should 
give to each a token denoting what pay he is to get. The cashier should 
be seated at his table with abundance of copper coin before him, all ready 
arranged, and by his side should be a writer with the muster-rolls. A 
barrier should be in front of the table, and a second one beyond it, allow- 
ing room enough merely for the coolies to pass in singlesfile. They are 
brought up by their gangsmen, and pive their tokens to the writer. He 
drops them in a box, marks off their names and calls out their pay which 
the cashier gives them. Of course it is convenient always to pay in sums 
represented by a common cvin: for instance, where single pics are not 
common seven pies is a troublesome wage to vive. 

(g). The Camp and Hospital. 

Where the relief work is close to a large town very likely no camp may 
be required. If thereis one, the coolies will not care to live in it, and will 
prefer the streets and bazars with their nooks and corners, empty sheds, 
and deserted houses. Dut elsewhere camps must be erected, The hats 
that compose them will vary largely according to the lucality, the climate, 
the materials available. In dry warm weather there is no better camp 
than a good mango tope. If rainis to be expected efforts should be made 
to have dry hunts for the coolics, for reduced by starvation and nearly 
naked, they feel the wet, and sickness quickly sets in. In Northern 
India if work is to be carried on through the cold weather it will be neces- 
sary to put the cainp in a somewhat sheltered place, and to build buts as 
far as possible to keep out the bitter cold. Inu Southern India no sach 
precautions are usually needed. A tolerably water-tight covering will 
be enough. In any case an open grove of trees should be taken advan- 
tage of. 

- The site of a camp must be selected with judgment. It mnst be near 
the work, and near the water supply. It must be so placed that the 
drainage from abont it will not wash down into the source of water snp- 
ply. The proximity of ravines and dry nullahs is to be avoided, as they 
increase the difficulties of conservancy. Fuel and provisions must be 
easily procurable, and if possible thatching grass, palm leaves, or other 
materials for making huts. 

The supply of water must be especially seen to, and should it fail the 
camp should be moved at once, If the water is drawn from a well care 


must be taken that the ground round it is kept scrupulously clean and 
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that the coolies do not wash themselves or their potsin it. Field latrines 
consisting of long trenches at Jeast 9 inches deep should be daily dug 
and daily filled in, one for each sex, at a distance of about 500 feet to lee- 
ward of the camp, and the Officer in charge must insist on their being 
used. This is not easily managed for natives are very indifferent about 
conservancy, but it must be remembered that the inmztes of a famine 
relief camp are peculiarly susceptible to disease, and although the cooly 
may thrive in ordinary times in his filthy village, as though to prove that 
bad smells are hoth wholesome and pleasant, the same indifference can- 
not be practised with immuuity in the relief work camp. Cholera ig 
a frequent companion of famine, and if it bursts out the coolies are 
hikely to flee seared in all directions, carrying infection with them and 
dying on the road sides, It is therefore quite necessary to keep a con- 
servancy establishment for a camp, and there should be some one person 
in charge of it who should be punished if the Iiugineer Officer finds a 
single had &mell about. it. 

Dr. Hewlett, Sanitary Commissioner of Bombay, to whom I am indebt- 
ed for many hints about Relief Camps and Famine Management, recom- 
mends camps for not more than 000 coolies in huts holding 20 each. 
These are placed in five parallel lines 100 feet apart. A space of 50 feet 
is allowed hetween each hat in the same line. The huts in the secoud 
line stand opposite the open spaces in the first. Surface drainage should 
be attended to by digging trenches between or round the huts, and the 
earth may be used to give them a raised floor. 

In Mysore the coolies preferred a smaller hat where they could hve 
with their families apart from the others. The pattern adopted (derived 
from the Ashti Tank Camp, Sholapur District) had a ground area 9’ x 6, 
and was 44 feet high at the ridge. ie 

The frame work was composed of ‘Lwo pairs of light bamboos, stuck 
into the ground and tied together where they crossed and a fifth bamboo 
was used as a ridge pole, 

The sides were bamboo mats, palm leaves, grass, or branches of trees, 
according to circumstances. ‘The back of the hut was built up with a mud 
wall, and a mat was generally used as a door for the front. One hut was 
allowed for about three or four coolies, including children. Tolerably 
good tents may be formed if noth'ng else is procurable of ordinary native 
blankets, If pliant bamboos are to be had, round topped huts may be 
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made like the top of a wagon. Every camp should have some huts run 
np to serve as shops for banias, to whoin every facility should be given 
for bringing in provisions, 

The hospital hut should be altogether a more substantial structure. 
Fourteen feet is width sufficient for two rows of patients. The sides 
should be low walls about 1 feet high with a good pent roof. The length of 
one ward shonld not exceed 50 feet. Tf beds are not procurable for the 
patients it is well to have raised plinths for them to sleep on, and the 
rest of the hut should be strewn with clean sand frequently changed. 
A little whitewash on the walls will not cost much, and will vastly im- 
prove appearances. Hospital proviston should be made for at least ten 
per cent, of the camp. Of course there minust be separate huts for cach 
sex, and in the case of a large camp likely to stand for some time it is 
well to have a spare hut for contagious diseases, cholera, smallpox, &c., 
and a small one for a dead house. The hospital must be placed on the 
most healthy site near the camp. The Medical Subordinate ust have a 
hut close at hand, and he will reqnire another for his medicines and 
stores. We will be responsible for all connected with the sick, but he 
will do his work all the better if he sees that the Engineer in charge is 
interested in it, and is in the habit of frequently visiting the hospital and 
looking after the patients. 

A burying ground must be selected at least a quarter of a mile to 
Jeeward of the camp with snflicient soil to bury 6 feet deep, and two or 
three graves ought to be always ready dug. Cholera patients shonld be 
buried specdily after death, in the clothes they were wearing, Dr. Hewlett 
advises that a camp should be abandoned if more than three cases of 
cholera orenr in it. 

*# V1l.— Lastly, we have to consider the course to be adopted at the close 
of a Famiue, a season nearly as welcome to the fagged relief officer, as 
to the impoverished ryot. It must be remembered that a famine cannot 
he closed by order of Government, and that abundant rain and broad 
acres of fresh ploughed land and young corn do not necessarily give im- 
mediate relicf. Where the distress has been of short duration these 
symptoms of retnmung prosperity will give relief, for grain stocks will pro- 
bably be still m the country, and they will be produced and prices will fall 
whenever there are pretty certain indications of a good harvest ahead, 


But when the famine has lasted long, it is probable that the grain stocks 
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have been exhausted, and that until the young crop has not only started 
fair, but has been matured, food will be nearly equally scarce and equally 
dear; while the people are month by month getting poorer, and less able 
to buy at famine rates. 

It may be laid down then that famine relicf works must go on, 
until prices have very much fallen. The numbers that flock to the works 
will diminish to some extent, but perhaps not very much. 

The cultivator will employ some labour on weeding his fields, but he 
will be too poor to employ nearly as much as usual. 

The rain will have brought forth various wild fruits, from which the 
poor will derive a scanty sustenance, and they will often prefer living thus 
to toiling at the Government work. But many will still remain on the 
works, and the object of the Engineer must now be to bring them back 
to the normal rules of the Department without inflicting hardship on 
them. 

The first thing to do is carefully to scparate the able-bodied from the 
weakly, and to work them apart, treating the former in the ordinary way 
on piece or task work, only allowing them a higher rate on account of 
the prevailing famine prices. They may not readily take to this régime 
for they are too apt to become cemoralised after being watcbed and looked 
after for months, but it must be insisted on. 

Having disposed of these able-bodied ones the weakly should be class- 
ified according to their strength, and the Special gangs in particular should 
be massed at certain places where the work is suitable, where a good hos- 
pital can be organized, and where they may be specially looked after. 
The value of their work will of course be small, and if the District Officers 
have facilities for taking over these specials altogother the Engincer may 
dispose of them. But generally I think it will be found a fairer share. 
of the relief work to leave them in the hands of the Engineer. As the 
coolies regain their strength they should be steadily drafted into the able- 
bodied gangs. 

There need not now be the same dread as formerly of driving them off 
the works, for the coolies will have got better used to our ways, and will 
not be so easily frightened: while if they do go away, things are not so 
desperate as before, and they are not likely to dic of starvation. Nor 
need there be the same anxiety as before about applying the distance test. 
Works will be finished by degrees, and at this stage it is not desirable to 
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open new ones. So the coolies should be told if they want more work 
they must go some distance to it, and if they are used to their Officer and 
trust him, as they should, it will be easier than before to induce those to 
move whom it is desirable to keep on. 

Week after week these Special gangs should become fewer. Some will 
return to their villages, some will recover, many will die. When the 
State aid can be withdrawn from them altogether, will, as has been said, 
depend very much on the prices in the market, but as these cheapen pri- 
vate charity will begin afresh, and many of the Specials will resume their 
old begging habits. If the gangs gradually disappear altogether this 
will be the most satisfactory conclusion to the [famine Relief Works, 
and the hard-worked Famine Relief Officer will be well deserving of a 


rest. 
©. C. S. M. 
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Amc sennenats 


BABUL WOOD AS LOCOMOTIVE FUEL AND ITS 
EFFECTS, 


By Mason A. LuMessurizr, R.E., Offg. Under Secy. to Govt. of 
India, Railway Branch. 


{Enclosure to P. W. D., No. 8126 R. of 1878.] 


Wuen the Sind Railway was first opened, coal was used as fuel. In 1872 
wood obtained from the Sind forests (babul) was resorted to. The use 
of wood as fuel was abandoned on 7th March 1875, and coal was again 
substituted. Certain comparisons were made from time to time between 
the actual cost as fuel of coal and wood, and in 1874 the Depy. Consulting 
Vingineer in Sind (No. 1470 of 11th October 1874) to Consulting En- 
gineer, Lahore, stated that, taking all matters into consideration, it would 
appear that the Railway Company is using wood-fuel at a rate roughly 
represented by coal at Rs. 30 per ton. 

Early in 1875 the crown-plate of the fire-box of Engine No. 16 was 
found cracked while running. The mileage performed since a new boiler 
had been put in being 24,819 with coal and 33,738 with wood. The 
crown-plate of No. 1 Engine, originally 2”, which had done about the 
same amount of work, was at once cut open, and it was found that its 
thickness varied from } to ys of an inch. 

Engine No. 19 was also stopped in its work for fear of evil results; 
the thickness of the crown-plate was found to be .3,th of an inch after a 
mileage of 86,328 with coal and 36,745 with wood. 

It had never before been known that the copper of the fire-boxes had 
so quickly worn away, and from a critical examination it was found that 
the damage appeared chiefly in the crown-plate; the tube-plate was more 
or less affected, and the sides apparently were unharmec. The conclusions 
arrived at from the position of the damaged parts were that the injury 
had been caused by pyroligneous acid, in the form of vapour. 
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These serious results, considered with the very high cost (para. 1 ante) 
of wood ss fuel, decided the Agent to abandon its use and to return 
to coal. This was done on 7th March 1875. 

The subject was referred to the Chemical Analyser in Bombay, who was 
unable to say with certainty to what cause the extensive oxidation was 
due. 

Information was sought from the experience gained by other lines 
using engines burning wood-fuel, and the replies received seemed to show 
that wood caused less injury to boxes and tubes by the gases given off, 
than coal. The information collected, with samples of the wood and saw- 
dust, was submitted to the Chemical Analyser, who found that, although 
babul contained a high percentage of acid, yet the mango wood in use on 
the Oudh and Rohilkhund contained it ina higher degree, and con- 
sequently the results obtained on destructive distillation appearcd to him 
to negative the theory that the corrosion in the Sind fire-boxes had 
resulted from acid vapours formed during the combustion of the wood as 
fuel. Appendix No. I. 

The Board of Directors in England submitted the question to the 
opinion of Dr. Watson. His evidence is, “ that the more rapid destruction 
of the copper plates of the fire-box during the use of babul wood than 
during the use of coal as fuel is due to the presence of more chlorine in 
the wood used than in the coal, and farther that babul wood is in this 
respect very much worse than many woods, and sensibly worse than any 
Kuropean wood ” to the analysis of which he had access—Appendix No, 11. 


Arrrnpix No. I. 


From-—Zhe Chemical Analyst to Government. To-—Deputy Consuit- 


ing Engineer for Railways in Sind. Noe, 129. 
Dated Gth March 1877, 


I have the honour to acknowledge receipt of your letter No. 136 of the 
Qist ultimo. The information in regard to the Ondh and Rohilkhund 
Railway engine forwarded with your endorsement No. 1008 of the 4th 
December last, appears to me to completely negative the theory that the 
corrosion noticed in the Sind Railway engines resulted from acid i 
formed during the combuation of the wood used as fuel. 

If you refer to my letter No. 538 of the 9th October; you will see that 
the percentage of acid yielded on destructive distillation by mango wood, 
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the fuel employed on the Oudh and Rohilkhund Railway, is considerably 
larger than the percentage of acid yielded by the babul wood employed on 
the Sind Railway. At the same time the report of the Locomotive Su- 
perintendent of the Oudh and Rohilkhund Railway, covered by your en- 
dorsement No. 1008, shows that no corrosion similar to that found in the 
Bind Railway engines has been noticed to occur in an engine of the Oudh 
and Rohilkhund Railway, in which mango wood was the principal fuel 
employed. The conditions, moreover, under which the wood was burnt 
in the Oudb and Rohilkhund Railway engine are stated to be “ essentially 
the same” as the conditions under which wood was burnt in the corroded 
engines of the Sind Railway. In face of these statements, I do not see 
how it can be maintained that avid vapour from the wvuod-fuel was the 
cause of the corrosion in the Sind engines. 


Appenpix No. II. 


From— The Secretary of State for India. To—The Government of India. 
No. 70R. 
Dated 5th July 1877. 


With the letter to the Agent, No. 960 (para. 11), the Sind, Punjab 
and Delhi Railway Board forwarded a copy of a report (with accompani- 
ments) by Dr. Watson, relative to the effect of babul wood on copper fire- 
boxes. 

Copies of these papers are herewith sent for your Excellency’s informa- 
tion, and in order that you may direct experiments to be made and fur- 
ther investigation, should you consider it desirable. 


nee GZ, P. Bidder, Esg., Secy., London Board, Sind, Punjab and 
Delhi Railway. To—W. P. Andrew, Esq. 
Dated 17th April 1876. 

I have pleasure in handing you Dr. Watson’s report on the corroded 
fire-boxes, vouched for as it is by the authority of Dr. Percy, whose 
letter is appended, together with Mr. Kirkaldy’s mechanical tests, which 
indicate that the copper was of the usual standard of quality. 

The evidence, therefore, appears strong that the usual amount of 
common salt present in the wood was the cause of the decay, and cer- 
tainly points to the advisability of avoiding the use of babul wood as 
much as possible. 
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From-Dr. John Percy. To-—W. J. Kingsbury, Esq. 
| | Dated 16th April 1877. 

I return herewith Dr. Watson’s report, which has much interested me. 
He is a very accurate and trustworthy analyst, and T think he has 
obtained pretty satisfactory evidence in support of his conclusions. To 
me the resulls are qilite novel and remarkable. i 


From-—Dr. David Watson. To--W. J. Kingsbury, . 

Dated 10th April 1877. 

I must apologize for not having replied to yours of the 29th ultimo be- 
fore this. I hardly know what to say to your query abont the action of 
the babul wood gases on iron tubes. I should imagine that somewhat 
similar results would obtain in the case of iron as in the case of copper, 
bat the temperature of the gases in the tubes of a boiler must be, except 
at the extreme fire-box end, very much less than in the fire-box itself,,so 
that one cannot argue from what goes on in the fire-box to what goes on 
in the tubes. In illustration of this, it is customary to find the interior 
of the brags tubes of a locomotive boiler coated with a green oxy-chloride 
of copper that would be converted into a substance similar to that I found 
in the fire-box, if in contact with a red hot flame. The reason why brass 
and copper boiler tubes go at the fire-box end is, doubtless, because there 
the gases passing through the tube are hottest. 

I have arrived at the conclusion that the greatest temperature of the 
plates of a locomotive fire-box when in use cannot be very much less than 


300°C. 
I cannot find that anything is known from actual experiment as to this 


point. 


Dated 23rd March . 
Report by Dr. D. Watson, on the deterioration of the copper fire-bow plates 
of the Sind, Punjab and Detht Railway Company, 

I have the honour to present my report on the above subject. 

To assist me in my investigation, I had a sample of babul wood and 
portions of the corroded plates of a fire-box that I inspected at Mr. 
Kirkaldy’s, Southwark. Also a portion of a spark-catcher, with regard 
to which unusually rapid wear had been noticed. I had, further, copies 
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of correspondence between the officials of the Company and others on 
this subject. 

The deterioration of the plates was by actual reduction of thickness, 
which, according to the reports sent me, occurred in a manner and with a 
rapidity unknown where coal is used for fuel. 

In the case of the fire-box which I examined, the plates were originally 
#-inch and 4-inch thick, and were worn down over the whole internal sur- 
face, chicfly on the crown and tube-plates. 

The wood which I received as a sample of that employed as fuel ap- 
peared admirably adapted for that purpose, being in billets about 18 inches 
long and 3 to 4 inches in diameter.: It is hard and dense. The specific 
gravity of some pieces cut from billets that had been exposed to the air of 
the laboratory for a fortnight was, in three samples,— 


1 ae ee 789 
2 os oe “796 > mean *810 
3 es oe "B44 


The wood is not resinous, and requires a good draught for ready com- 
bustion. 

I found the internal surface of the plates covered in places with a pul- 
verulent deposit, which I found to be merely sand, and here and there a 
green incrustation ; both of these were evidently deposits accruing after the 
removal of the plates fromthe boiler. Besides these, and adhering closely 
to the surface of the copper scale, was a substance resembling ordinary 
copper. This was evidently a substance produced during the corrosion of 
the plates. The surface of the copper when the scale was removed, was, as 
a rule, not smooth, but more or Jess pitted. 

As a result of my investigations, I have to report that the rapid destruc- 
tion of the plates in question is due to the presence of chloride of sodium, 
as one of the mineral constituents of the babul wood used as fuel. 

Chloride of sodium is present in a very much larger quantity in babul 
wood than in ordinary coal. : 

Babul wood yields 2 per cent. ash, which contains 75 per cent. of 
chlorine, ‘The sample of babul had necessarily had a sea voyage, and to 
avoid error from the chloride of sodium deposited from the atmosphere, the 
chlorine was determined in the ash of portions from the centre of billets 
forming the sample as well as from saw-dust from cuts taken directly across 


them. 
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Comparing babul wood, in this respect, with coal, we find that coal 
does not contain, except exceptionally, more than traces of chlorine. In 
the analysis of 23 samples of the ash of coal, given in Dr. Percy’s Met- 
allurgy, none occurs in which the ash was found to contain more than traces 
of chlorine. 

The following gives the amount of chloride of sodium and of chlorine in 
various samples of the ash of wood, analyses of which are quoted by Dr. 
Percy in his Metallurgy. We see by comparison that, in this respect, 
babul wood is the least suitable for use as fuel in a copper fire-box. 


Chloride af 

. sodium. § Chlorine. 
Beech (1), ve wa es as trace 0 

” (2), e* ee oe es "87 “53 
Pine os os ae oe .° trace a+ 
Fagus ayloatica, ee ea oe “21 13 
Lariz Huropica, ee en oe 92 “66 
Quercus robur, os as soe oT a ee “Oi 
Vine (1), is ae ee ae 083 05 

(2), ve ee ‘s oe 058 O35 
Compare these with babul— 

Saw-dust, we oe Ss ae 1:260 W64. 
From interior of billets, .. os oe 1218 "736 


In the rapid combustion of the locomotive fire-box, the alkaline chloride 
of the fuel is carried forward with the products of combustion. At the 
high temperature of the flame, and in the pressure of aqueous vapour, the 
chlorine of the chloride of sodium comes in contact with the plates of the 
fire box as hydrochloric acid. 

From experiments I have made for the purpose of this investigation, 
I found that a rapid corrosion and formation of scale occurs when air, 
containing traces of hydrochloric acid, comes in contact with metallic cop- 
per at temperatures much lower than the lowest at which scale is formed, 
with any degree of rapidity, in air free from hydrochloric acid. 

The scale thus produced differs from the scale resulting from the ordi- 
nary oxidation of copper in air, by containing chlorine. This chlorine is 
not entirely removed by subsequent heating to much higher temperatures. 

I therefore expected to find a proportion of chlorine in the scale ad- 
hering to the internal surface of the corroded fire-box. 


The scale was analysed, and found to contain on two examples— 


No. 1, a os «e 3-439 per cent. of chlorine. 
No. 2, ee a ee §=2°936 ‘i ‘5 
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The spark-catcher was almost free from scale, which had apparently 
been formed and mostly detached. Enough, however, remained to en- 
able me to detect chlorine as one of its constituents. The samples for 
analysis were taken from scale closely adhering to the metallic surface, 
all loose deposit or incrustation having previously been removed. Any 
danger of being misled by a deposit or incrustation arising subsequent 
to the removal of the plates from the boiler was thereby obviated. 

Though the amoont of chlorine in the wood is apparently so insigni- 
ficant, it is on amount adequate to the part it is supposed to play. If 
we assume that 10 cwt. of copper are removed from the plates of a fire- 
box before they are rendered useless, and that all has been converted 
into an oxidized scale containing 8 per cent. chlorine, we find that the 
total amount of chlorine the wholeof the scale will contain is about 
equal to that contained by only 113 tons of babul wood. I do not mean 
to say that the burning of 113 tons of wood would destroy the fire-box. 
Of course, only a portion of the chlorine of the fuel comes into contact 
with the plates of the fire-box at all, and only a portion of that which 
does so remains in combination in the scale. 

The quantity of wood burned in the fire-boxes that were destroyed 
must have been many times 113 tons. I may safely assert, therefore, 
that, so far as the amount of chlorine is concerned, the cause alleged is 
adequate to the effects observed. 

The rapidity with which copper will scale under the circumstances 
depends in great measure on the temperature at which it is exposed to 
the gases. Hence those parts of the fire-box which are hottest when 
in use are most corroded. Thus the centres of the portions of the plates 
between the bolts are more corroded than those portions surrounding the 
bolts, and the crown and tube-plates are more corroded than the side 
and back plates. There isa case mentioned in one of the letters submitted 
to me, No. 1072 of 1875, from T. G. Newnham, in which an accelerated 
destruction was noticed as the engine continued in use. This may be 
explained by assuming that the water side of the plates became covered 
with a gradually increasing thickness of deposit, and that from that 
cause the temperature of the plates as the boiler worked, became as time 
went on gradually higher. 

The very rapid destruction of a spark-catcher, referred to in letter 
No. 2848 of 1875, from T. G. Newnham is due, doubtless, to it having, 
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from its position; been constantly at a temperature above that of the 
plates of the fire-box that were less rapidly eorroded. 

Iam satisfied, from the above considerations, that the more rapid 
destruction of the copper plates of ‘a fire-box during the use of babul 
wood than during the use of coal as fuel is due to the presence of more 
chlorine in the wood used than in the coal; and further, that babul wood 
as represented by the sample provided me, which seemed a very sufficient 
one, being three tons in all, isin this respect very maneh worse than many 
woods, and sensibly worse than any European wood to the analysis of 
which I have access. : 

I find no other circumstance in the composition of babul wood, or in 
the change of conditions arising from the substitution of wood fuel for 
¢oal, to account in any degree for the observed increased rate of de- 
struction of copper fire-boxes when babul wood is substituted for coal as 
fuel, 


Extracts. | 
From—T. G. Newnham, Esq., Acting Deputy Agent. To—The Deputy 
Consulting Eningeer for Railways in Sind, Kurrachee, from letter 
referred to above. No. 1720 of 1875. 
5th April 1875. “I have the honour to inform you that the copper 
crown-plate of the fire~-box of No. 19 Engine is as much worn as those 
of Nos, 1 and 16, wviz., to about th inch in thickness. Wood has now 
Leen in use for three years and upwards, and the thickness of the crown- 
plate of No. 19 was #-inch in September last. It thus appears that 
the pyroligneous acid acts but slightly upon the copper for @ time, but at 
last most rapidly, causing tt to come away in scales.” 


From—T. G. Newnham, Esq., Acting Deputy Agent. To——The Deputy 
Consulting Engineer for Railways in Sind, Kurrachee. No. 2848 
of 1875. 
Sept. 20th 1875. “A spark-catcher made of copper plate, 5/6” x 
1’ x 5° x }-inch thick, perforated with }-inch holes, was reduced to 
one-third of this thickness after the engine had run 14 trips.” 
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To the Editor. 


DrAN, S1n,—I have the pleasure to send you by dak, a little Contrivance for the 
speedy adjustment of a Theodolite plummet in a vertical direction over 
a peg. IL used it on the Survey for the Extension of the Punjab 
Northern State Railway, and found it saved mea great deal of time, 
and am therefore led to think it might usefully be made known to others, 

The Contrivance only consists of a small piece of brass with two slant- 
ing holes drilled through it. The plummet string is passed through 
these two holes and locped round and fastened to the brass arain. 

I may remark, that it works better if the piece of brass chain and 
hook which ordinarily depend from the under side of a Theodolite for 
the purpose of suspending the plummet, is taken off and a rigid hook 
put on in its place, Over this the loop of the string is passed and the 
picce of brass A is moved up or down with the fingers, according as it 
is desired to lower or raise the plummet. The friction of the cord in 


the slanting holes holds it in any position. 
Yours faithfully, 





Frep. M. AVERN, 
Exec. Engineer, Indus funnel Division, 
Punjab Nerthern State Railway. 


age 


4 
db aidaaee 


; ” 
uty 
Re tte, een? R 
ber 
2 ‘ oe < ay é 
la ' ‘a 
by a. bag me 
‘f Ly a Te 
tr al : 
we 


aN . 4 a+ $3 aan 
‘ + ie a Ra iia 
“a SEG * M4 ae ae 
pM > om 


ete 
a MS 
t ‘ 


5, Awe 
$ 1 a , + 
2 ms oe 7 , S 
Am, J eRe ne oo ae ee | es 
ae ™ Ly Some 
“ \ Aaa 4, ? Tonk gh ’ 
aa ' bal a 
” 


